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BOILERS AND AUXILIARY MACHINERY, 



Vertial 'Im-kms Tiipk-Eipai 

BOILERS AND AUXILIARY MACI 

Cruisers los. 7 and 8. 

EACH OF ABOUT 3,()00 TONS DISPLACEMENT, 



GENERAL DESCRIPTION. 

The propelling engines will be rtglittt und lefts, plucol in 
water-tight coni))urlinents and separated by a fbtv-and-afl 
lJii)kliL'ud. These engines will be of the vertical, inverted- 
cylinder, direct-acting, triple-<'xpansiou type, each witliu high- 
pressnre cylinder 36 inches, an nilermediute-presiiurt! cylinder 
5;t inches, and two low-pressure cylinders each 67 inches in 
diameter; the stroke of all pistons being 33 inches. Tliecol- 
lective indicated horse-power of propelling, air-pnmp, and 
circulating-pump engines will be 10,000 when the main en- 
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^nes are making about 164 revolutions per mioute. All 
lowercylinder-lieails of the raaio engines will l>e steam-jacketed. 
The high -pressure cylinder of each engine will be forward and 
the low-pressure cylinders aft. The main valves will be of the 
pistou type, worke<l by Stephenson link-motions with double- 
bar links. The piston-valves, valve-liners, and valve-gcar / 
will be made interchangeable, as hereinafter specified. There 
will be one piston-valve for each high-pressure cylinder, two 
for each intermediate- pressure cylinder, and two for each low- 
pressure cylinder. l<^ch main piston will have one piston-rod, 
with a cros!?-head working between guides. The framing of 
the engines will consist of cast-steel inverted Y-frames, trntised 
by wrought-steel stays. The engine bed-plates will be of cast- 
steel, supported on wrought-steel keelson-plates built in the 
vessel. The crank-shafts will be made in two short inter- 
changeable sections aud one long section. All shafting will 
be hollow. The shafts, piston-ixids, connecting-rods, and 
working parts generally will be forged of mild open-hearth 
steel. 

The condensers will lie made entirely of composition and 
sheet-bra.s,s. Bach condenser will have a cooling surface of 
alwut 7,000 square feet, mea.'^urcd on the outside of the tubes, 
the water pa.ssing thixiugh the tubes. For each proj>elling 
engine there willl>e a double, vertical, single-acting air-pump 
worked by a vertical compound engine. The circulating 
pnmiK will be of the centrifugal type, one for each condenser, 
worke<l indeiHjndcntly. The nroiwllers will be three-bladed, 
right and left, of manganese bi-onze, or approve<l equivalent 
niflal. 

Eiicli engine-room will have an auxiliary condenser of suf- 
ficient capacity for one-half the auxiliary machinery, each con- 
denser l)eing conne<'ted with all the auxiliary machinery. 

Each of these condensers will have a combined air and cir- 
culating-pump. 

There will \\o four douhlc-cnded Iwilers, and two single- 
endc«1 boilers to Ix) u,=icd sis auxiliaries, plactnl in four water- 
tight compartments as shown. Two of the main boilers will 



be about 13 feet 4 indies oiitsidodiametor and 20 tcet 3^ indies 
loDg, the otIuT two main lioilei'S »ill bo nbont 14 ieet 6J 
inches outside dianiettT and 20 ft-et SJ inches long. TIio two 
auxiliary lioilerewill he about 11 ft-et 2 indies uiitKidc diame- 
ter and 9 feet i inch long. 

They will be eonstrnel^id for a working pressure of 160 
pounds per s(iUiire inch. 

Kach of the main boilers of 13 feet 4 inches outside diame- 
ter will have 6 corrugated furnace-flues 3 feet 4 inches inter- 
nal diameter. Each of the main boilers of 14 feet 6J inches 
outside diameter will have 6 corrugated furnace-flues 3 feet 
8 inches internal diameter. E/ich of the auxiliary Iwilers will 
have two corrugated furnaces of 2 feet 9 inches internal diam- 
eter. 

The total heating surface will he alxiut 19,382 square feet, 
measuring the lulx's on the outer surface, and tlie grate sur- 
fai-e 597 square feet. There will l>o a main feed-|mni[> in 
each of the forward and after fire-n)om.s, and an auxiliary 
feed-pump in each of the engine rooms, and a small pump 
for each auxiliary boiler, E,icli of the fccd-punijw will ton- 
nect with a main feed - pi j>e, each pump having a capacity suffi- 
cient to supply tlie four main iKiilers when steaming at full 
power. There will be two smoke-pipes l(x»te<l !is shown. 

The force<l-di"aft system in each fire-room will cirtjsist of 
one blower, which will discharge into a main air-<luct under 
the fir(!-r(M)m fliwrs, from which a branch duet will lead 
to the ash-|»it of each furnace. Means will lie proviilinl for 
closing the asli-pifs when under fi)reed dnift an<l for pn'vcnt- 
ing leakiige of gases out of the furnace-doors. The dnift to 
Ciich furnace will be n^ulated hy niciuis of a damper. 

There will \k steam rcversiiig-geiir, ash-hoists, turuiug- 
cngiiies, auxiliary puui|is, engine-i-oom vontilating-tans-^for - 
driving workshop machinery, a distilling ap|iaratuB, and such 
other au.\iliary or supplementary machinery, tools, in.itru- 
mentii, or apparatus as are desiTihed in the following detailed 
8{>ecificntious or .shown in the aeconijuinying drawings. 
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CYLINDERS. 

They wiil consist of «Lsiii(;s of licst qiiiility of fast-iron, 
with wurking-liiiin;>7i for thv liigh-prussiin: <'\-l)u<lers am) all 
tile vaKc-cliwits. Tho cylinder (m<iiigs will iix^liidu the valve- 
clifst*, steiiin-jMU'ls and i)a«<i^os, the lower licadu, and tlie vari- 
ous brackets to wlili-h the <'}-liiicl(T-sui)ports will be attached. 
The steam and exli;uist-))orts will Ikj smoothly eored to the 
dimensions shown in dmwinjrs, tho walU of Uie passages being 
strongly stayed hy i-ibs, and if nwessary liy screwixl strty-bi)Its 
with ends riveted over. 

The flanges for seenriiig the cylinders to each other will be 
so faced thiit when Imlted together the centers of the liigh- 
pressui-e and inlermediute-|>rcs,-!iire eylinders will lie 7 fwt 5.\ 
inohes uiKirl, the centers of the interme<liiite and first low- 
I)ressiire cylinder will lie 7 feet 9 inehes apart, and the centers 
of the iow-i)ressLire cylinders will Ik; 5 feet 6 inches ajwirt, 
with the cylinder-iises all in one plane and [Kirallel. The 
eylinder i-asings will W ttolted together and to their frames hy 
l>ody-l>onnd steel holts. They will Ije lx»i-e<] to their resjieet- 
ive diametei-s when in a verlic.d position. 

IIlGH-l'tiFXSinSK CYJ.r>DER CASINOS. 

The head will l>e c-ast with ilonhle walls and the barrel will 
Iw 1 i iiK-hes thick. Il will l>e faml and horetl, ius shown, lor 
there<vption of the working eylinder-lining and for the valve- 
chest linings. The liiiii-kets at the bottom for attaehnient of 
the snpporling Iranies will lie well ribln-fl and truly faeeil for 
the frames. There will 1h' liaiiges lor bolting to the interme- 
diate eylin<ler, these Iwing fai-ed to a plane parallel to the axis 
of the n'linder. The walls of (he steiun jtassages will Imj prop- 
erly stJiyetl, There will l>e facings, flanged and ribbed whore 
ue<-«?ssary, for the attachment lA' the cylinder and valve-chest 
mvers, steam -iiipe, e.\hanst-iiijK', piston-md Ktiiffing-lmx, 
relief- valves, driiin-cix^ks, imliealor-pi]H.-s, jaekel slenm and 
drain-pi|K's, oil-ciijis, starling- valve pi|H'j<, and starting- valve 
chests, and such iiicings as miiy lie reipiirwl tor the reversing- 
gesir. Theiv will 1« a hand-hole in the cylinder-head, as 
shown. 



IMTBRHEDIATE CYLINDKH CASINGS. 
They will be of close-g rained cast-iron as hard as can be 
properly worked. Tliey will have no cylinder-liners. Each 
will have two piston-vulvas. Ejich will have faced flanges for 
l)olting to the high and low-pressure cylinders. There will 
be hand-holes as shown in the cylinder-heads. The barrels 
of the casings will ite 1 ^ inches thick. There will be brackets 
well ribbed and truly faced tor the supporting frames, also 
facings for steam and exhaust-pijK'S, receiver safety-valves, 
receiver live steam- pi {>es, starting- valve pipes, starting- valve 
chests, piston-rod stuffing-boxes, hand-hole covers, drain-cocks, 
indicator-cocks, jacket steam and «lrain-pi|>es, <»il-cui)s, and 
such facings as may be require*! for the reversing-gear. There 
will also be faced Hanges for I)oIting the high-pressure and 
intermediate-pressure cylinders together. 

IJ)W-PHEa8URE CYl.lNDEtt CASINGS. 

Each will be of the same material as the intermediate-pres- 
sure casing and will bo similarly fitted, with the following 
exceptions: each forward low pressure-cylinder casing will 
have two faced brackets, one for Iwlting to the intermediate- 
pressure cylinder and one for bolting to the after low-pressure 
cylinder. The after low-pressui-e cylinder will have one faced 
bracket for attachment to the forward low-pressure cylinder. 
There will be facings for man-hole covers, and auxiliary 
exhaust-pipes. 

The steam-pi[)e connecting the two low-pressnre cylinders 
will have a butterfly throttle- valve. 

UIOII-PRESSURE CYLINDER LININGS. 

They will Ik; of cl(»e-graincd cast-iron as hard as can l>e 
properly worked, turned and faced to fit the cylinder ca.-iings. 
Each lining will have a bearing at about the middle of its 
length. 

The linings will lie secured to the casings by round-headed 
couuterbored steel bolts, placed radially around the tylinder 
2»481— J 



coimterboro witli coiivciiient sjMicing, The liiiinuB will be 
Miunterlxired to receive tlie lH>lt'licutls, the mits lieiiig on the 
outside of the casings. 

The linings, after Iwing sei-nred in place in the casings, will 
be smimthly and accitrately bored to a dinmettir uf 36 inches 
and to a thickness of Ij indies, t lie boring to be done with the 
cylinders in a vertical positjon. The linings will be counter- 
bored at lower ends, leaving the working bores ;J4 J inches long. 



CYLINDER OOVERB. 

They will be of the same quality of cast-iron as tlie high- 
pressure cylinder casings, and cast with double walls, 1 inch 
thick, well stiffened by ribs of the same thickness, each cover 
with a 15-inch man-hole. They will be so formed as to leave 
ns little clearance as practicable. 

Pockets will l>e cored for the heads of the piston-follower 
_ lH>It8. Eat^li cover will l>e turned and facc<l to fit its cylinder 
casing, Itored and faced at man-hole, finis)ie<l on outside of 
flanges, and n>iigh-finished elsewhere on outside. 

The cover of the high-pressure cylinder will be secured to 
tlie cylinder casing by thirty-two l^-inch steel studs, the 
cover of the intermediate by thirty-six Ig-inch steel studs, and 
each low-pressure cover by thirty-two IJ-ineh steel studs. 

Holes wilt !» <lrillod and tapped for jack-twits and eye- 
bolts. 

CVI-I.VDER MAK-KOI,E COVERS. 

Thoy ^vill Ih^ of cast-iron or cast-steel, those in the npjier 
covers cori'd for ctcarant* of pIston-riHl nuts, turiie<l and Jacetl 
to fit man-holes, and finished on the out.side of flanges. They 
will Ik> sccui-ed by I|;-incli st4«l stu<ls, spaced ns shown in the 
dmwingH, and will h.ive holes drilled and taii[K!(l forJack-l»olts. 

The man-hole cover on low-pressure cylinder- head will lie 
11 inches by 14 inrhe«, se<urc<l to head by eight 1-inch bolts 



CYLINDER CLBARAN'C-ER. 

Care will \k taken that the clearances in the cylinders are 
iDodc no larger than al)sohitely necessary. After the engines 
are set up in iilace^and connected, the volume of the clearance 
at each end of each cylinder will he carefully niea-sured hy 
filling tlie space with water or oil, and the result plainly 
niarkc«l on some consptcuons part of the cylinder's casing. 
Marks will also be made on tlie cross-head guides showing 
the position of the pistons where the clearances were measured. 

STEAM-JACKETS. 

The cylinders will be steam -jacketed on bottom. 

All ribs must be c<>re<l out so as to allow a free circulation 
of the jacket-steam and a free drainage of the water of con- 
densation. 

Steam for the jackets will be taken from the main steam- 
pijwin each engine-room, on the Iwiiler sitle of the engine stop- 
valvt',aiid will lead to the head of the high-prcasnrc cylinder. 
A bRuii;h, with an adjustable-spring reducing- valve, adapted 
to a pressure of from 30 to 80 |»ouuds, will lead to the inter- 
mediate-pressure cylinder- bead. 

Another branch, with an adjustable-spring reducing- valve, 
adapted to a pressure of from to W poundt>, will lead t^i the 
low-pressure cylinder-hoad.s. 

Each branch steam-pipe will have a stop-valve close to the 
cylinder-head. 

There will be on the intermediate jacket atcani-pipc, on 
the jacket side of the reducing- valve, an adjustable-spring 
safety-valve, adapted to the same pressures as the reducing- 
valve, and on the low-pressure jacket steara-pii)e a similar 
valve, adapted to the jacket pressure, 

A i-inch brass drain-]»ipe will irass through a hole in the 
lowest jiart of the wall of each cylinder-head. This drain- 
pilM! will lead to an approved automatic trap »vith blow- 
throngh and by-]>ass piiKs and valves, thentv to the hiwer 
part of the fcod-lank, with a hranch to the bilge. Each dw wr . 
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pipe will have a stop-valve clasc to its jacket. The Jraiiiiige 
<}f the liiwl of wich cj'linder will 1k' entirely imle|M.'iideut as 
tar as tin; trap-diw'liarge, from wliidi point the drains may he 
ill (Kimiiion. All pljxis in the drnin tiysteni will be put to^ri'tlier 
hy union joints so as to be easily overiiaiilwl. 
VAl.VK-<'HES're. 

The valvc-cliests of'eaoh higli-pre.-«iin.' eyiiiwler will Im; fitted 
Cor one pistori-vjilve. each inten»e<liate-pressHre for two, and 
each low-pressure for two. 

There will L>eo|Huiiiig9at each end for inserting aud remov- 
inir the valves and working-linings. The chests will lie ac- 
curately bored and faceil for the reception of the workiug- 

Rcliii'e the insertion of the lini[i[rs ^ig stcain and exhaust 
jiasNages must lie thoroughly eleiined out, and <-nrG taken that 
the passages are nowhere contraetcil to less tluni tiie specified 
ai'eus. 

Each interniitliatc uud low-prLtv-iurc valve-tTliest will have 
» 8-inch adjustJiblG-spriug sid'ety-valve of approved jiattern. 

All valve-chests will also lio titti^l with suitable eom)M>sition 
draiu-ccK-ks or valves that may In; ojieratwl from the workiug- 
platforiii, the valves to dischai^ through pi|K5 into the hilge 
and feed-tanks witii the necessary valves for ilirecting the 
water to either. 

VAI.VE-(;ilEHT LININGS. 

There will lie a working-lining at och end of each valve- 
cliust for each piston-valve. They will l)e of «LSt-steel or close- 
grained cast-iron as hard as can be jireporly worlicd, accurately 
turned and iacc<1 to fit the uisings, and accumlely Ivorcd to an 
internal diameter of 20 inches, leaving the walls 1 inch thick. 

They will be forced into plact', making all joiutA i>erfectly 
tight, an<l secured by screws tapped half into the linings and 
half into the nisings. 

The following valve-chest linings are interchangeable: 

The upiHT linings of the high and intermediate-j 
cvlinders; 



The lower Uiiuigs of the high and iiitermc<]iate-i)ressQre 
cylinders ; 

The upper linings of the low-pressure cylinders; 

The lower lining of the low-|»ressure cylinders. 

The steam-portH ut Ihe top of the high und intermediate- 
prtissure cylinders will be 3|-i inclies wide, those at the top of 
the low-pressure cylinders will be SJ^ inches wide. 

The steam-ports at the bottom of all cylinders will be 3^^ 
inches wide. 

The Ktcam-ports will have alternating right and left diagonal 
bridges, taking up not more than one-quarter of the total port 
area. 

The edges of all {torts will be finished to a uniform outline. 

VALVE-CHEST COVERS. 

They will l)e made of cast-steel, in dished form. All will 
be ribbed. 

The flanges will be tumetl and faced to fit the openings in 
valve-chests. The covers will l)e finished on the outside. 
Each lower cover will l>o faced and bored to receive the valve- 
stem stuffing-boxes. Each iip|>er cover will be bored U> i-eceive 
the balancing- pistons, as shown. 

AH covers will be extendot on the inside, as shown, to pre- 
vent the valves over-riding the liners when disconnected. 

There will Iw approved provision for proper oiling of the 
valve-stems. Eich up|>er cover will have a smaller finished 
caat-steel cover, flanged and lK)lted on, over the upper end of 
the valve-stem. 

The lower covers will have the ncces,-iary faces for securing 
the valve-stem cross head -guides. 

The upper cover of each valve-clieat will have a cylinder 
cast on, bored out to 5 inches in diameter for the high and 
intermediate-pressure cylin<lers, and 81 inches in diameter for 
the low-preasUrc cj'linders. In these cylinders will work the 
balancing- pistons of the valves, with the steam on the under 
side of the piston. On the upper side of the high-pressure 
23JH1— r. 
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l)ulandiig-|iist(iii lliere will l>e a connwtion with tlie iuterme- 
<Iiatu-{iressiire receiver. Tlie intcrmediate-presHiire and iow- 
prer^iire balancing-cyiindcrs will have a similar connection 
with the condenser. The balancing-pistou will be of.ann>» 
•^Haitian with cast-iron packing-ringH. 

Each valve-chest <-over will be secured by sixteen 1 J-inch 
steel studs, with finished wrought-iron nuts. 

The valve-chost cover will be interchangeable as follows: 

The top covers of high-pressure and intermediate-pressure 
valves ; 

The top covers of the low-pressure valves ; 

The bottom covers of the intermediate-pressure and low- 
pressure valves. 

Although the bottom covers of the high-pressure and other 
valves are not mutually inlerchangeable, the high-pressure 
can be substituted for any of the others. 



PISTON-VALVES. 

All the piston-valves will be made iu two {rarts. The high- 
pressure valves will be of cast-irou of a general thickness of 
— + iiidi ; all the intermediate and low-pressure piston-valves 
will Ik of composition, with a general thickness of | inch. 
Each of these parts will consist of a hollow [tiston, with fol- 
lower, wearing-ring, and two iiacking-rings. 

The high and intenne<liate-pressure valves will be exactly 
alike, excepting the <lifference of thickness on account of their 
l)eing made of different metals. 

The [Mickiiig-ringH of all the main-engine valves arc intcr- 
cliangeable. 

The up|>er and lower heads of each of the piston-valves 
arc inteRihaiigcabte. 

Ttie fi>llo\vere wHH »|of composition, secured in place by 
stoel throngh-l>olt*i with wroughl-iron nuts and brass split- 
pins. The followcr-1 Kilts will pas.« through lugs on the inside 
of tlie valvc-shi'li and have iheir hcails so foriried and fitted 
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as to prevent turoing. The wearing-rings will bo of cnst-iron, 
finished toa neat end fit between the valve-body and follower, 
but to a loose side fit. They will be smoothly and accurately 
turned and faced for the reception of the mcking-rings. The 
packing-rings will be of the best tool-steel, tnm»J larger than 
the Imre of valve-seat, cut obliqnely, tongued aud sprung into 
place. The rings will be j inch on the face. 

The two parts of each valve will be separated, when in place 
on their valve-stem, by a cast-steel distance-piece, which will 
be of such length as to make the steam and exhaust laps as 
follows : 

Steam lap for all valves — top, 2^\ inches; bottom, 2^^ 
inches. 

Exhaust lap for high-pressure and intermediate-preasHre 
valves — top, 0; l>ottom, J inch. 

Exhaust lap for low-pi'essiirc valves— top, ^ inch; l»ot- 
tom, 1^^ inches. 



They will be of fot^cd-steel, 2J Inches in diameter at the 
stuffing-bo3£es and r e<Uiceil to 1 j in ches where they pass through 
the valves. The lower end ol each siennwili have a thread 
cut on it and be fitted with two steel nuts lor securing it to 
the cros,s-head. A slot will Im; cut in the thread on each stem 
and fitted to a feather In tlie cross-hcutt. 1'he nuts will have 
collars recesseil in count erborcs in the cross-heads and secured 
by set-screws. The thread on each stem must be sufficiently 
long to allow a reasonable latitude of a^ustment. J The top of 
each stem will I>e finished with a 1^-inch right-hand threatl 
and a 1-inch lefl-hand thread. The IJ-tnch thread will be 
fitted with a cast-steel balancing- piston, acting as nut and 
bearing against the top of the valve. The l-inch thread will 
be fitte<I with a nut to lock the Inlancing-piston in place. 

A split-pin will be put through the valve-stem to keep the 
1-inch nut from coming off. 

The intemiediat*! and low-pressure valve-stems will be inter- 
changeable. 
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CYLINDER RELIEF-VALVES, 

Tlure will be u 3|-imrh uiljustuble-sprhtg relicf-valve on 
eadi und of euch luuii) <'yliiiiler. Thi^ vulves uiid tlieir casings 
will Ih.- uf cumt>0!'iii(in. Vlu&i will lead fnim the rolicl-valves 
to llic bilge with easily-bofceii joiuts. 

These valves will liave nickel seats or their equivalent, and 
the valvo-li(tiiigs will be so coustriK-tetl tliat the valves eaii Ik; 
easily overlianle<l without slacking the springs and ho that 
Kleam will not come into contact with the s|)niigs. The 9[>rings 
will have approved means of adjustment, and will be long 
enoutfh lo allow the valvi-s to ojwn to their full extent without 
nndnly increasing the load. The valves will be guided bv 
](HiSL'I_v-(itting wings. The springs will Itear <ni shoulders on 
spindles which fit loosely in .socket.-^ receasei! in the Iwcks of 
llie valves. These sjiindles will l>e so fittetl that the valvi-s 
ean In? moved by the application of a lever. The valves will 
l>c fitletl with ««sings, which will prevent danger of jteople l>e- 
ing scalded by hot water from the cyliiuier.i. Suitable ful- 
ernins willl>eon casings for the application of levers for working 
the valves; one lever to Ih; fnrnishwl for each engine-room. 
All springs niitst |»a''s a satisfactory test. 

The spring-casing of each valve will l>c fitted with n suit- 
able look ; nit locks to have similar keys. 

CVI.INDEI! DRAiy-COCKS. 

Eiicli i-ylimler will be fitted with a 2-indi packed drain- 
cock, pliiccd so as to tirjin the cylinder thoroughly. The 
cocks mu.-'t ijc [Kirfrtrtly tiglit without undue friction. The 
drain-cock of eilch cylinder of each engine will l)e workal by 
a single lever at the working- plat form. All the drain-cocks 
of each engine will discharge into a pijM! leailing to the fresh- 
water side of the condenser, with a branch to the bilge. This 
pipe will have a stop-valve near the conden.ser, and will have 
a spring non-relnrn valve, witliout Imnd-gear, which can open 
to the bilge-dischai^e when the drain to condenser is ch>sed, 
but which will prevent air entering the condenser at any time. 
Snmll dniin-cocks will be fitted to the lowest parts of dniin- 
pipes. 



cylimlCTbyaS-ineli oopperpipe. Those valves will all exhaust 
iiiti) a 2-ineh pipe lesiding to tlie wndensor, tlic branch from 
each valve having a stop-valve cla^* to the valve-chest. Each 
steam-port of each starting-valve will liave an area of alwiit 
3 square inches. Kach starting-valve will l>e worked by a 
lever at llie working-platform ; these levers to \k placed in the 
same order as llieir ros|)ective valves, and, if vertical, will be 
arranged to move away from the working-platform when piston 
moves up; if horizontal, they will move in the same direction 
as tlie desired motion of the piston. The valves are to be in 
middle position when their levers are vertical or horizontal. 

PISTON-ROD STUFFIXG-BOXES. 

They will be made of composition, and fitted with approved 
metallic packing with efficient means of Inbrication. The 
packing of each stuffing-box will l)e made in two independent 
sections, so that in case of injury to one section the other alone 
will make a tight joint; this jmcking to lie in all respects 
equal to Watson's. 

VALVE-STEM STUFFINO-BOXES. 

They will bo similar to the piston-rod stuffing-boxes. 

PISTONS. 

They will Ire of cast-steel or approved bronze, and will be 
dished. 

The followers, made as shown in the drawings, will be of 
cast or forged-steel, secured in place by 1^-inch bolts, 12 for 
each high, 16 for each intermediate, and Ifi for each low- 
pixwsurc piston. 

The follower- bo Its will i)e steel studs, screwed into the 
pistons ; tiie bodies of the studs to lie square, passing thnnigh 
square holes in the followers. The folio wer-lxilt nuts will be 
of wrought-iron, finished and case-hardened, each nut to l)e 
secured in platx; by n i)rass split-pin of ample size. 

Each piston will have two ] racking- rings, each g inch wide 
and J inch thick, of iiani cast-inm, cut obliquely and tongued. 

The [Kicking-rings will be set out by steel springs of ap- 
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proved pattern, all liet to an equal and proper tension. There 
will be sufficient clearnnce between the piston and cylinder to 
nilow for (lifTeicnce of cxjinnsiou. 

Each packing-spring must be so secured in the piston us to 
be firmly held in place and easily inserted and removed. Th 
springs must be of best ppring-sfeel, properly tempered. 

When completed the pistons must l)e carefully weighed, 
and no excess of weight will l)e allowed over that due to the 
dimensions shown in the drawings. 

PI8TON-BODS. 

The piston-rods will be of tbrged-stcel, 61 inches diameter, 
excepting at ends, where they will Ite 6J inches diameter over 
threads. They will be turned to fit the pistons, with collars, 
as shown, and fitted each with a composition nnt at the piston 
end secure*! by a scrtrwed stop-])in. The nnt at the cross-head 
end will be secured by a setrscrew. The parallel jMirls will be 
smoothly and accurately turned. 

Each piston-rod will have, at its scaling in the piston, a 
ctdlar 81 inches diameter and IJ inches thick, welj filleted, 
and rew-ssed in the piston as shown. 

They will bekeptfmm turning in the piston-s and cross-heads 
by .stoi)-pins. 

CROSS-HEADS AND (JIBS, AND BRASSES. 

The ci-oHs-heiids will l»e of cast-steel. The croes-head pins 
will be 8 inches in diameter and 8| inches long, and will lie 
c<nii««lly cored. 

The gilw will be preventetl from moving up or down on the 
cross-heads by \i\)s, and will be firmly held to the cross-heads 
by ImiHs |>assing tlinnigh the shoes and tapjKKl into the gilw. 

The gile will !»■ of connw^silion lined with white-metal. 
Their l)caring snrfico will lie 21 inches long and 18 inches 
wide. 

CONXECTISO-RODS, 

The connect in g-riMls, with their caps and bolts, will be of 
foi^od-steel, finished all over. 
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TliRV will l)c 66 inches long betweeu centers, turned 7 inchex 
in diumetur at sinidl end and 9J inches iit large end, the sides 
licing fUccd off b> a nnifcrm thickness oi' 7 inches. 

Tlio cmss-head end of each ro<l will be forked to span the 
cross-hoad pins. The brasses will l)e bored to 8 inches diam- 
eter to fit puis. Each of the caj>s will be secured by two 3J- 
inch Imlts. 

The i-rank-pin end of each c-onnecting-rod will be increased 
in thickness to 13J inches, faced on eiiob side, and bored 18J 
inches in diameter for the bra«ses. The caps will be 4J inches 
thick :it the crown, each to conform to the sha{>e of the con- 
iiecting-i(Kl end. The bolts will be 4i inches in diameter; 
the heads to be fitted with sto{>-pins and the upper ends of 
liolts to l>e provided with split-pins of amjdc size ont.side the 
nnts. The nuts will lie of wronght-iron, each with a collar 
recessed into the connecting-rod head and secured by a set- 
8<Tew, The cap-bolts will pass partly through the crank-pin 
brasses and will be fitted with set-screws for holding their 
weight when backing ofJ' the nuts. 

In each jaw and each cap of tsich connecting-riKl, two ]|- 
incli bolts will l>e fitted, [>assiug through the metal of the rods 
and «ij>s, and fap|HiI \nU» the corresponding lip of the crank- 
pin brasses to prevent closing-iu when heated, each of these 
iiolts I leing secured by a set-screw. 

(.'oni[H>sition distance-pieces will be fitted between the con- 
necting-rods and ca|>s ; they will be so fitted as to be removable 
witliont taking out the eap-lxtlt«, and will be channeled so as 
to l)e ea.sily reduced when taking up lost motion. 

The caps will each be fitted with two eye-lmlts for handling. 

CRANK-PIN BRASSES. 

They will Ite accurately fitted to the connecting-rods and 
sccurcii as Ijefore s|)ccificd. They will be fitted with approved 
white-metal in stn|Ks, accurately fitted to the crank-pins, and 
pro|M'rly fitte<l for distribution of oil. They will l»e 2 inches 
thick, including whit«-metal, and faced with sufficient clear- 
ance between erank-welB to prevent nipping when heated. 



ENGINE-FRAMES. 

Each cylinder will be 8up()orted by two cast-steel inverted 
Y-irames, as shinvn in the drawings. The upixir f(K>t of each 
frame will l>e 1| inches thick and will l>e secured to its cylinder 
by eight Ij-incli iKxIy-lwiind l>olt3. 

Each lower foot of the frames is IJ inches thick, iind is 
secured to the be<I-j)late by sis I i-inch body-bonnd bolts. 

All tile feet of llic frames will be faced to fit the planed 
faces provided for ihcni on the cylinders and the l)ed-plates. 

Each frame, on the biicking-side, will bo faced to act as 
guide for its cniss-liead. Each fraroe, on the go-ahead side, 
will be face<l U> receive n cast-iron wearing-guide for cross- 
head. Facings will also l>e provided for reversing-gear, as 
may lie required. . J . - . 

The frames under each cylinder will be to wi to each other '^t^^ 
by two lUinch tie-rods, swellerl to 2 iiiches outside diameter 
of threatls at cuds. 

IIED-PLATES. 

They will consist, each, of three steel castings, flangcil and 
bolted Hither, as shown. 

The u]iper and lower flanges will be connected and prop- 
erly stiftcned by ribs, as shown. 

The Utl-idates will I»e sei-nrcd to the cnginc-seatings by 
IJ-incb Imlts through the lower flange, and by twelve of the 
frame-lioltB, as shown in dr.iwiug, and they will be proj)er]y 
finished and IiumI for crank-shaft brasses and ca^is and for the 
flanges of the sup]K>rting columns. E^ch jaw will lie fitted 
with an adjustable composition chix'k for the vertical alignment 
of the shatl. The bed-plates will have facings for the revers- 
ing and turning-engines, as may !« required. 

CRANK-iSHAFT IIBAS8ES AND CAPS, 

The brasses for each l«Biring will l>ecylindri<al, in two parts, 

lined with approved white-metal, fitted with ample oil-channels, 

faced 17j inches long for the high and in termed late- pressure 
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journals, and 172 iufl'^s i'wr the low-pressure journals, turned 
to lit (a() and chock, as shown, and aocurately bored to fit the 
joiirriais of shaft. The diot-k will be of composition. Pro- 
vision will I>e nm<le for circulating water around or through 
the butt brasses. The ca{>s will be of cast-steel, 3| inches thick 
and 13 inches wide, with li{)s to match the Jftws. Eat-h cap 
iuid upper bra«s will have an oval hand-hole for the purpi^sc of 
feeling the journal. This hand-liolc will have a cover, with 
handle — the lower [>ai't of the cover being formed into a ()erfo- 
ratetl ttdlow-box, reaching to witlnn a quarter of an inch of 
the jonrnal. 

The cap-bolts will Iw of ft)rged -steel, 31 inches in diameter, 
each provided with a collar, as shown. One end of each bolt 
will be threaded and screwed into the engine bud-plalc. The 
other en<l will be threaded and fitted with finished wrought^ 
iron collar-nut and set-screw — the part beyond tlie nuts will 
l)c s(pmred and each fitted with a split^pin. 

The ca|)s and brasses will be tapped and fitted with eye- 
Ixdts for I land ling. 

The brasses will be separated by dianneled brass distanoe- 
pieces, which will extend over the offset in the pillow-blocks 
to keep the brasses from tnrning. 

After the engines are secnred in the vessel the brasses will 
l)e Iwrtsl out in pla«« to i>erfect alignment, if required. They 
will also l)e tried on their shafts and any defects made good 
by scraping to a projKjr l>eariug. 

The brasses will Ik; so fittctl that the only Iwaring of the 
Jniirnals will I>e on the snrface of the white-metal. 

CHOSR-HEAD GUIDES. 

A planeil surface on ihe inverted Y-frame will answer as a 
guide when Imcking. The guide to take the thrust when going 
ahead will Iw of r.ist-iron. It wilt lie boltoil to the inverted 
Y-frame, and the frame and guide will \k so constmcte<l and 
joined that there will l>c a waler-[m3sage to keep the guide 
cool. 
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The giiidea will L)c smoothly and accurutely finished, aud 
will I>e litted in pkcc to proi>er alignment. Brass oil-boxes 

will Ite stTcwcd to both ends of guides. 

VALVE-GEAR. 

It will \ic of the Stephenson type, with donhle Imr-links. 
All valves will be worked direct. There will l>e one cross- 
head for tho intcrniediate-pressnre valve-stems and one cro-ss- 
head for the low-|>ressure valve-stems of each engine. 

Tho valve-gear will be so adjasted that the mean cut-off 
ill full gear for both cuda of each <;ylinder will be at 0.7 stroke. 

ECCENTRICS. 

They will be of cast^teel, each in two jiarts. 

The two pnrts of each eccentric will !« neatly fitted together 
and secured by two steel Iwlts. Tlicy will l>e l)ore<l out to a 
snug fit on the shafts an<l turned accurately on the outside to 
an eccentricity of 4|^ inches, and will Ite recessed at each aide 
for the Hanffps of the eccentric-straiK. Vuch backing eccentric 
will lio secun'ly keye<l on the shaft, and each fonvard motion 
e<«!entric will Ik? secured to the cornwiwnding hacking eci«ntric 
by tliniugh-tx)lt» in slotted holes, the holes to Ix; tilled up after 
the ecrentrits are set. 

The cc»«atric8 will l)e interchangeable, as follows: the high- 
pres'iiire with the after low-pressure, and the intermediate- 
pressure with th(r forwaivl low-pressure. 

ECCE.NTR IC-STRA PS. 

They will 1)g of coniponitioit, finished all over, made with 
flanges to fit the recesses of (X'ccn tries and with lugs for the 
clani|iing-lM>lts and for t\n'. eccentric- rods. The two (Kirts of 
each strap will lie held together by two steel Iwlls with finished 
heiids, liK-k-nnt.s, and spHt^iiius, and fitted with channeled brass 
distance-pieces. Each strap will l)e accurately and smoothly 
bonsl tolittlu'ec(!entrie8lw)tlion face and' recesses, and pn)|K;rly 
ohnnnelcil for oil. All stra)e< will Ih; interchangeable. 



ECCENTRIC-RODS. 

Tliuy will be of ft trged -steel, fiuishet] all over. Each n«I 
will liavt a T-liead secured lo its eceeu trie-strap by two stt!fl 
sHiiM>olts witli lints loekeU in jiiace, 

Tlje ti|>|>ur etiil of eaeli hk) will be furkwl to span the link 
ami liltf<! witli lirasaea with adjustable wedge-bloeks, which 
.will 1h^ inten'hatige:ible fur all the hkIs. 

The two bnisses in the forks of each ixxl must be fitteil 
aivuniiely in line with eadi other and smoothly bored to fit 
the Itiik-pins. 

All gtvalieid rods will be interchangeable and all backing 
iimU will be intercliangeable, 

MAIN-LINKS. 

They will lie of double-bar pattern, of foi^^-steel, Gnisbet) 
all over. 

Th(!y will all have the |>ins for eccentric- rods forged on and 
fiaislie<1 to not less than 24 inches between centers. Exten- 
sions of the pins at one end of each link will form the pina 
for siisjiensiou-rods. Each [lair of bars will be secured to- 
p'lfier by tbrongh- bolts, and thimbles fitted with finished steel- 
nuts well sfwured with splitrpina. 

All the links will l>e interchangeable. 

LINK-BLfM;K». 

They will be of forge<l-steel, finished all over. The blocks 
will Ix: forfjod with link-bkmk pins. 

Tliey will terniiuatc at each end in a i)air of jaws to s]>an 
the eorn'sponding Imr on the link. Ther;e jaws will lie filte<l 
with cotn|>o3itioti gilts, tiuishi'd to the curve of the links, the 
npper gib in each jaw being fitted with a key with screw 
ailjnstnient. 

flUSPENSION-LISKS. 

Each Ste|>henson link will be 8nsi>ended from the corre- 
sponding arm of the reversing-shaft by two flat-sided, forged- 
.'.teei susjiension-links. 
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The ends of these links will be filled with composition hush- 
iDgs, hored to fit sus|)en5ion-[)in3 on main links and [>ius od 
reversing-shaft amis. 

The susjicnsiot 1-1 inks will be intercliangeable throughout. 

VAI,VB-8TEM IROSS-HEADS AND GUIDES. 

The intermediate-pressure and low-pressure valve-stems 
will have cjist-stcel cross-heads, the cross-heads taking hold of 
the link-blocks rlire i'tly. The l>oss of each arm of each cross- 

head will lie lH)re([T|ln Hi ihw 1 a immiI f i iiIlL JlLurJUillJ IHII 

jytuB II \i\.j iiuj fiJi saililil^ HI mliLMltiu.' The cross-head 
guides will be cast-steel brackets l>olted to the valve-chest 
covers. The high-pressure valve-stem will take hold of the 
liuk-biock directly. The high-pressure stem will l>e guided 
by a bracket made in two jwirts, bolted to the valve-chest 
cover. All the valve-stem cross-heads of the intermediate 
and low-pressui'e cylinders will be inlerchangeable. 

KEVERSlNG-tlKAH. 

The reversing-gear for eacli engine will consist of a steam 
(ylinder and a hydraulic ixtnti-olliiig cylinder placed vertically 
and acting directly on an arm fixed on the reversing-sliaft. 
Each wiil be placed on the side of its engine, between the in- 
termediate-pressure and low-pressure cylinders, and securer! 
to engine- frames and 1>ed. The steam piston-rod will lie se- 
cure«] to a steel cross-head, working in suitable guides, and 
connecting witii the arm on the reversing-shaft. The piston- 
rod will pass through the i-Dntnilling cylinder with uniform 
diameter. The wintridliiig cylinder will be of composition. 
The valve of the steam cylinder will be of the ])iston pattern, 
of «>m|>osition, working in a composition-line<! valve-chest. 
There will 1h^ a by-|>'iss valve on tiie hydraulic cylinder, 
whicli will be worked by a continuation of the stem of the 
steam piston-valve. These valves will !« workeil by a system 
of differential levers, the primary motion being derived from 
the haud-lever on the working-platform and the secondary 



motion from a pin on the reversing-ami, all parte being so ad- 
hiated that the reversing-eiigine shall follow the motion of the 
nand-lcvLT and lie firmly held when stopped. There will be 
8 strtp-cock in the by-pass pi|>e of the hydraulic cylinder, and 
a pump for reversing by liand will be connectetl to the hy- 
draulic cylinder, with its lever convenient to the working- 
platform. The by-pas9pii)cs will pass through the valve-box 
of the hand-ptimp in such a way as to leave the hand arrange- 
ment always in gear. The piston of the hydraulic cylinder 
will be packed by two cup-leathers. Steam for the reversing- 
enginc will be taken from the auxiliary steam-pipe. 

REVERSING-SHAFTS, 

There will l)e one forge<l-stcel reversing-shaft for each en- 
gine. It will have five arms, one connecting with the reveraing- 
engine and one with each link. The shaft will be supported by 
suitable liearings. F^ch revcrsing-arni will be made with a slot, 
fitted with a comjHwition block, to which the suspension-rods 
will be attached. Each block will be adjustable in the slot of 
its arm by a screw and hand-wheel with approved locking 
device, and will \k fitted by a suitable index. The slots in 
these armM will l)e so arrauf^ that the links may always be 
thrown into lull backward gesir irrespective of the position of 
the block in the slot; and the length of the slots will be such 
that the cut-off may be varied from 0.6 to 0.7 of the stroke. 
All tlic arms will lie neatly fitted and keyed to the shafts. 

REVEKSIKO-SHAFT BEARINGS. 

They will l»e made of cast-steel, with bottom brasses and 
comjHxsition cayis, and will lie securely bolted to their supports. 
They will be bored to fit the journals of the shatte. 

The caps will Ix- secured by bolts fitted with lock-nuts. 

EXHAUST-PIPES. 

A 14J-inch pi|>e wilt lead from the exhaust side of each 
high-pressure vnlvc-chcst, with a 16-inch branch to each end 
of the valve-chest of the corresponding intermediate cylinder. 



A 20-in<*h pijic will Iwwl from the exhaust side of each inter- 
mediate vulve-eliest, witli a 1 6-iiicli hrandi tn eacii end of tln> 
valve-<'liC';t of (Mifh of the two corPCB|)ouding low-|in!Ssure 
tyliiHlers. 

Eiioli low-pressure cjlinder will have a '20-iiicli cxlinust-iiojt- 
zlc. A 20-iiK-li pi[)C will lend from the forward hiw-pR>s»iirc 
pyliiidor to a T-nozzle on the after low-pnsNiirc cylinder. 
This T-iiozzIc will conncil with a "iH-inch pijie loiiding to the 
i-ondeiiser of its engine, anil will have in it a '28-incli straight- 
way- valve. 

WORKISO-PI,ATFORM8. 

The Hoors on the outboard side of each main engine, near 
the high -pressure eylinder, will be conveniently arranged to 
serve as working-platforms. The counter, revolution-indica- 
tors, eloik, gauges, telegraph -dials, and other engine-room fit- 
tings will Iw so placed niMr the working-platfomis a« to be in 
full view while working the engines, Sjicaking-mbo mouth- 
pieces and teli^raph- levers will iic conveniently pla(«<l. 

W()RKING-I,EVEIt8 AS1> GKAK. 

There will I>e at each working-platform the following hand- 
gear, viz : 

One reversing-lever; 

Four star ting- valve levers; 

Four cylinder drain-cock levers; 

Hantl-revei-sing puin[>-lever; 

1'hrottle- valve hand-wheel ; 

Stcum thmt tie- valve lever; 

Bleeder- valve hand-wheel ; 

Keversing-engine atop-valvo hand-whee]; 

Starting stoi>-valve hand-wheel. 

All levers will have spring-latclies of " locomotive [wittern ". 
The latcliCTS on Rvcrsing levers will be of May's jwttern or 
equivalent. 



All the crank, thrust, and pntpeller-shafts will be ol' steel. 
Each loii^rth will be forged solid iu one pic*, and will have a 
hole ilrilkxl uxially through it from end to end. 

All shafW will Ite finished all over. 



CKANK-SirAFTS. 

Thfru will tw three sections of crank-shafts for each pro- 
liellin^-eiiginu, tlie two forward se«'tioD6 being interchange- 
able and the after section reversible. Jjich of the forward 
sections will have a crank of 16} inches throw, and the after 
six^ion will have two cranks each 1 6^ Incher; throw, and )>lai;c<l 
at an angle of 180°. 

Each crank-shaft will have a coupHng-dlsc, 3 inches thick 
and 264 inches dianiefcr, forged on each end. 

The length of eadi short section of shaft will l>e 7 feet 
5J inches over all, and of each long section 14 feet 8 inches 
over all. There will be a journal on each side of each crank 
13J inches in diameter. 

The shaft will lie increa.sed to 14 inches diameter at the 
eccentric scatings. The cmnk-pins will be HJ inches diam- 
eter :ind 18 inches long. The crank-webs will each be 15J 
inches wide and SJ inches thick for the short sections, and 
O'iiichcs thick on the long .sections ; the welts to be chiinifered, 
a.s shown in drawing. The crank-pins must be accurately 
parallel to the main journals. All journals are to t>e smoothly 
and accurately tnrned, and when finished will be tested and 
their uct^uracy pntvcd. Tliere will be a hole 6 iaclics in di- 
ameter l)or<'<l axially throngh each shaft and crank-pin. When 
lK>ltc<l together the cranks of the short sections will be at an 



angle 
will i; 



I make an angle of 90° with the cranks of the low-pressure 
cylinders. 

The forward end of the hole in crank-pin will becloscd by 
a brass plate fitstened on with countersunk screws. 



Two nulial ^-incli imltM will \>a ilrilluil in oach craiik-pin 
from tlio oiilAi<le to the lK>rc. 

Tilt' various lengtlis of tliu crank-sliiifts will bo coupleii to 
efuil) other by ^-iiti-h itoltn. TliL-re will be 6 lx>lts in cucli 
coupling, all holes bciii^ ilriUed or reiimeil to template, so that 
the euuplings will rnuti^h iiuliserimiiiately. The bolts will Ix; 
made of forgetl-Hteel. finiiiibod to fit the hole 8iiiigly, ant] each 
fitted with wroiight-iron nut aufl aplit-pin. 

On the coiipliiig-diBO of the craoK-shafts, between the iiiter- 
me^liatc and forward low-pressnrc cylinder, there will lie a 
worm-wheel for turning the shaft. The thnist-sliaft will 1m; 
coupled to the trank-shaft by a llextblo coupling. 

THRirST-SHAPTS. 

They will be I'S inches in diameter, with d^-incb axial 
holes. Each shnl\ will liave thirteen thrust-ooUnrs Ig inches 
tliick, with spaces of 2| inoliL'^:, the collars to be 17^ inches 
outmde diameter. Then} will l>e a coiipling-<lisc keyed on the 
forward end to form jiart of the flexible <-oupling. The conj)- 
linf^-ilisc at the after end will be lorgt^d on, and the sliafl will 
be increased in diameter for a short distance, so that the hole 
in the sliafl can be t-ounterbored t4i accommodate the nut on 
the central stud of the inl>oard propeller-shaft mupling. 

PROPBLLKK-SHAtTS. 

The pro|)cIler-sliaft.- will each !«,■ in two lengths. A KJ-inch 
hole will Ik! )>ored in Ixitli sc<:tions of shaft. Sixteen inches 
from the forward end of llic forwanl se<'tion this hole will be 
tapered to a dianiuter of 6 inches, 13^ inches from end; it 
will be threaded and fitted with a nteel stud, locketl in platv. 

The tbrward section of each shaft will be alxmt 41 feel 
long and 1.3J inches diameter, casc<l with com|K>sition | inch 
thick at the I>a:inngs and i inch thick elsewhere. The racing 
will be shrunk and pinned on, and must l>e water-tight. The 
casings must be accurately and smoothly turned to form 
journals. 
aaisi— !i 



The couplitig-slcove on the forwanl oikI will be of casl^steel, 
]!i iiichi'S long, 27 inches utilsiile diainoter, and will l>e fitte<l 
uuil keytxl by at least three t'ealhcrs. It will be secured tu 
the shaft by a wrong! it-inm washer 15J iuchcN in diuniet«r 
and 2 inches thick; tliis washer Ix^iiig Kecure<1 tu the sliafl by 
A oenlral >^teel stml and nut to tnke up tlie backing thrust. 

The stud will be tittetl to the thread in the lH)re of the shaft 
and reduced to 4} inches diameter at the washer, its nut to l>e 
fittf<l with a suitable keeper. Steel bolts will unite this sleeve 
to the after coupliiijj of the thrust-sliaft. The coupling-bolls 
will !« fitted snugly in the sleeve for '-i inches from the face, 
the recnaiiider of tlie Iwlts Imng turned to dear. 

The after end of forward section will have a coupling-diac 
forged on. 

The after section will be aliout 34 feet long and 13J inches 
diumelor, cased with composition | inch thick where it passes 
through the stcrn-ttdtc up tn the outboard-coupling. It will 
have foiled <in the forward end a coupling-disc. 

The after end will Ik; tapered to fit the bore of tlie propeller- 
l)Oss, and will l>e filtcsl for two feutlier-keys. 

Abaft this the diameter will Ire reduced to 9J inclies, 
threaded and fitletl with a nut and keei>er, the thread being 
turned off al>aft the out. There will l>c a water-tight plug 
in the al\er end. 

Tlie hole in this section of the sliad will l>e 6^ inches 
diameter, except in that part passing ilirough the pro)>cller- 
hub, where il will be tapere<I so as not to reduce the thickness 
of the melal around the hole. 

The two lengths of each pro|)eller-shaft will l>e coupled to 
each other by six bolts, with heads and nutj* made i>erfectly 
water-tight when set up. The IkjHs will l»e fitted with nuts 
lockeil in place. 

There will be at the forwanl cud of the artor section of 
each pro|>el]er-sliaft a east-steel «i.sing to form a fair watjr- 
linc from the end of the stern-tulie to the shaft, a-i .shown in 
drawings. Tlic i^-iing will lie finished on the outside and 



Eacli e('(«iifric will have a long oil-ciip fed by a drip- pipe, 
so arniiijted that the eccentric will be lubricate in all imsi- 
tions. 'Die upper end of Wicli efcentri<^rod will carry a wipiT 
(iil-<-np ou each fork, these cups to take oil from wicks in 
cu|>s uasily ailjiisted i« tliu \'arioiiR positions of the gear. The 
coupling U'twccn the iiftor section of crank-shaft and thrnst- 
sliiiK will l)e fitted with a <«ntrifngal oiling apparatus with u 
pipe leading to each lK>lt-hoa<l in the thriist-shafV coupling- 
disc. 

There will be fitttii to ea<'h main .Htcani-pijx.', close t*) valve- 
diest, a Detroit or etpiivalent stoam sight-feed oil-cnp of two 
quarts I'upacity, with gauge-glass. As far as possible all llic 
oil for the moving parts of each engine, except main bearings, 
will l«' supplied from one oil-l»ox on the cylinder, with scjm- 
ratc valve, sight-feed, and pi|>e for each part t^i be oiktl. 
There will l>o sleinn sight-feed imps on each circidntrng, blow- 
ing, main-feed, air-pump, and liilge-pump engine. All steam 
sight-fee<l cn|is will liave ample eondeiLsing surface on tlicir 
steam-pi IK'S. Each anxiliary engine will have a contin- 
uous untoniatic luhriciilor of approvifl pattern. All working 
parts for whieh oil-enps arc not s[>ecifie<l or shown in draw- 
ings will have oiling-geiu' of approved design, such that they 
can In> oilc<l without slowing. All the oiling of each auxiliary 
engine will \k done by one oil-box where practicable. All 
fixed oiI-cii|is will have hinge<l (overs, with stops to prevent 
bt;ing oiiencd I«k> far. Moving oil-(.-U|is, where necessary, will 
have removable covers. The supply of oil to various jwrts 
is to l)c easily n-gulatc<l. All oil-<;n[)S and their fittings, ex- 
«'pt su<'h as arec-ast on bearings, will Iwof fiinshol cast-bni.'v'j, 
or of sheet-bras.-; or copiwr, as may be diivcted, with all seams 
brazed. 



All fixwl l)eanngs will have drip-cups cast on where |Missi- 
blc, otherwise tlicy will be of oast-brass, pro|H'rIy ap|i1ied. 
All moving parts will have drip-cups or pans cast ou engine- 
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frames where directed, otliorwise to l)e sub^itant tally made of 
sheet-brass or copper, with brazed seams. All <lrip-cu|)s will 
have draiii-pi|>es and cocks of at least ^ itieh diameter, wliich 
can tie used while tlie ongines arc in o|H;ratiou. 

« .inURNAI,- BOXES. 

All joiinmls or moving parts of iron or steel will run, nii- 
less otherwise s|>e(;ificd, in ix>m position Iwxes. These 1k)xch 
will be lined with approved anti-frictiou metal where directed. 
All adjustable liearings will l>e provident with ohannelctl- brass 
cliipping-pie<'es, securely held in place and easily removable. 

MAN'DREI£ FOB WHITE-METAL BEARINUS. 

Hollow «ast-iron mandrels will be furnished for forming 
the wliite-metal linings of crank-pii), erank-.^liuft, line-shaft, 
and thrust-lx-ariiigM. All these will be smoothly and aceii- 
ratdy tnrncd to size, and packed so as to be perfectly protected. 

STIIFFIK(J-IM)XhS. 

Alt iron Ihi.xch will l>e bushed with (^imposition. All glands 
will \k of composition and fitted with appniyed means of ad- 
justment while tile cnp:tnes are in oiteration, and those not 
filled with pinion-nut.s and spur-rings will have luck nuts and 
split-pin.'^. Metallic pjcking of a)>proyed kind, and equal in 
all rcsi>et'tsto Watson's, will Ik; litletl in stnffing-lwxtK of all 
piston -roii« and valve-stems iif main and auxiliary engines over 
I j inches diameter. Stuffing-lxixes of pist^m-rwls and valve- 
stems U'tween J and I J iiu-lies <liamcter will lie fitted with 
metallic puJ;king of Katzenst«in's {>attem, or equivalent. 

](OI,TS AXD KITX. 
All bult-heads and nuts less than '2 inches, exce|it ins[)ecial 
cases, will conform to the United States Navy standard. 
Sere w-t breads on Ixilts and nut£ must in all cases conform to 
the above stjuidard. All finished bolts, except as directed, 
will Ik kept from turning by dowels or other suitable devices. 
a»i8i— II) 



JACKS FOU COUPLING-HOLTS. 
A liyil mill io jock of approvcfl patorn will l>c fitted for witli- 
(Irawing the twits of the shaft-couplings. 

STERN-TUHE HEARINGS. 

A iiiiid-Htcei tube will l>e riveted to the place provided for 
it ill the extension from the ship's side. 

At the ligniim-vitic liearlngs at eaeh end and almnt the mid- 
dle of thJB tiilie will be rivete<r two cast-steel rings of U-section. 

The bearing-rings will be made of different internal diam- 
eters, so that the bushings may l)e easily inserted and with- 
drawn. 

Enrh bushing will be in halves, the joint being in a hori- 
zontal plane when the bushing is in place. 

The outside bushings will bear on the rings at the ontside 
end and the middle of the stern-tube. The inside biit^hing 
will l>ear on the rings at the inboanl end. 

{Sections of lignQin-vitie fitted in these bushings, put in so 
as to wear on end of grain, will be smoothly and accnnitely 
bored in place to suit the shaft-casing- They will be held in 
plai-e in the inboard bushing by :i tlnuge at its outer end and 
stufling-box Hange al the inner end ; and in the outward bear- 
ing of the oullmurd bushing by a flange at inner end and a 
composition ring, mu<le in halves, sei'ured to the hushing- flange 
by naval-brass eap-l)olt8 at outward end; and at the inner 
bearing of ilie uutlxKird-bnshing by a flange at the ontwar<l 
end and a ('oin]K)9itioii ring made in halves, seciireil to tlie 
bushing by naval-brass eap-lxilts at inner end. 

All the lignuni-viiie Ixsuings will be well water-soaked, and 
bore<l out in place to [wrleet alignment and to a loose fit on 
the shatt-ciising. The inlxiard-bnsliing will be so fitted that, 
after the ntuffing-lwx is taken off, the bushing can be removed 
while the shatt remains in place. 

.STERN-TIIBK STUFFING-BOXES. 

At the forward end of each stern-tulK! there will lie a com- 
position stufting-box, made in halves, divided longitudinally. 
It will Im; l)olted to the flange on the forward end of the stem- 



tubi' hushing. The two jwrts will be bolted U>geth«r uloti); 
the loiigitnilin:!) division by pnijWf flauges. The follower will 
be of <H>iii))Osition, in two purtH, with a .<)|Miee of 1^ in<'}ics 
tK;twocii t}ie i^irts on e&vh side. The [nicking spaccit will In 
nbiiiit 7 invhcs deot) and 1 inch wide. 

The follower- holts will Imj of nuval brass. To each stuffing- 
l)ox, ahat) the |)acking, a I|-incli |>ii>e will be attache<I, lead- 
ing tf> the engiue-n>oni bilge. It will also l)c connected with 
the engine-room water-servi<« pipes, and will be provided 
with valves, so that the Iwaring can be dniine<l into the bilge 
or washed out by water from the engine-room pump at will. 

STERN-BRACKET BEARINGS. 
Each stern-bracket l>earing will have a neatly- fitting com- 
{>09ilion lining, made in halves, <lividc(l longitudinally. When 
this lining is taken out the liore of the bracket must !« large 
enongh to allow tiie coupling-discs of the pnipeller-shafts to 
pass through it. It will have a flange by which it will he 
secured Ut the forwani end of the stern -hniekct. It will have 
a lignnm-viln; l)earing altout 4 feet long, fitted as in iho stem- 
tube. The lignuin-vila^ will I* held in place at the after end 
by a Hat ring bolte<l to the lining, A cast-steel sleeve, 1 inch 
thick, will iH^wi-cnred to eai-li stern-bracket by six j-inch scre^vs, 
to form a fair water-line to the propel ler-lioss. At the forwani 
end of each hearing there will lie a coni|>ositiou .sleeve, J inch 
thick, socuiikI to anil snpiM»rted by an extension of the lining 
l>efore mentioneil. This sleeve will \k shaped to form a fair 
water-line from the shaft to the stem-bracket boss, and will 
lie finished on the outside. 

SCREW-l'HUl'Er.l-EilS. 
They will l»e of manganese- bronze or approved equiva- 
Iwardpro] 



lent metal. The starlward pro])elier will Ix; right and the iH>rt 

one Iofi-hao,!e.i. Ti-.-y ^y']! Iff- 'hrr-ftlcibili aUi'"-"-^'-^ 

■^J u d hwHMl ii tm B>»H Each bla<le will Ix' firmly boiled to the boss 
by tap-lHilts of naval brass,secured by loek-plutes. The recesses 



I' CMverttl by cntiiiKv^ilinn plati-s Iiflcl 

ind finklitxl hi t'i>rin a sninolh Hiirfiuie 

fair witli the Ut^-i. Ttii itl H ili i tf ifcl^^lta ■ill i m il Oi l iii f€'- 



for the iMilt-lieatlx \i 
by couDttir^unk scrt' 



E^fli Wtds will Ik' at^iirately liorwl t<i fit tin- ta|KT on al'ler 
en d )>f wliart n iul fittiil with two lojit her- keys. Eivh |mijieller 
will l»e held on the shnft l)y a mit screwed on and locked in 
plave. The sliafV-oasing will enter alM)ut 1 inch into tlit; itru- 
iwller-boss and be fitted water-tinht. Each boss will lie finished 
at the ftftr end by a composition cap bolted on water-tight. 
The )>osscs and caps will lie finished till over. The blades 
will l)e cast tvi smoothly as jKissible and have any nmghncss 
reuiovetl. The flanj^'s of the blades will lie tiinieil and faec-d 
to fit the ret%>r«cs in the bosses aci^unitely, and, after licin^ 
SGCurcd in jilacv, mtist have the edges nuide fair. 
a)NnENSKn8. 

The condensers will Ik: eyiiiidrieal, 5 feet 8 inches internal 
diameter, each made in three principal sections; the middle 
section of com|Hwiti<in and the others of compoiiition or sheet- 
brass not over ^ inch thick. 

There will lie the following ojicnings in the middle section 
of each condenser, ca<:b with projKTiy-faeal flanges, viz: 

One for main cxhaust-piix', 28 inches diameter; 

One foranxiliary oxhansl-pijH', 71 inches diameter; 

One for air and cinjnlating-pnmp exbanst-pijie, G inches 
diameter ; 

One for air-pnmp anction-pi|>es, 9J inches diameter ; 

One for salt-Jeed pipe, 2^ inches diameter, with a sprjy in 
the exhanst-|)assagc; 

One for bleeder-pi i»e, 6 inches diameter; 

One 8-inoh band-hole with a 2-ineb nozzle for steam-pi|>e 
for boiling the water in condenser; 

One IS-inch m^n-hole opposite of the niain-exhausl nozzle. 

Each i-ondenser will have n bracket at each end :ui<l two at 
the middle to seeitre it lo the side of the ship, and snp])orCing 
brackets at ,'iame places; each of these brackets being secnreil 
231MI— U 
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lu tilt; fluii^nn on nikldU' section, mid th<; flanges iit ttie end of 
tlio sIk'II, the end bracking titling snugly Ut tnlie-slieets. The 
siijjiMirtiiifi-brackets will Ik- of plate-iron stiffened by angles. 

Tbe coiHleiiser-tiitK; slieets will l)c niutie of composition, 
1 inc-h thick, with smoothly- fin is heil holes fortlie tiilies, tapped 
and fitted with Hcrcw-gliuuls for packing the IiiIks. Then; will 
bealiand-liote at the lower |>arl of each twl)e-slieel. The glands 
will l» beade<I at outer ends to pn-vcnt tubes frnm crawling, 
nnd will l>e i^lotti-il to lulmit a ttwl for screwing np. Cotton- 
tape [tacking will \w used. There will l)e3,715seamless-<lrawn 
brass tulxfl in each condenser, g inch outside diameter, No, 20 
B. W. G. in thi<'knf3B. The tulx* will l>e 1 1 feet 6 inches long 
between tul>e-slieels and will I>e spaced |^ inch l>etween centers. 
The OKtling surface of each condenser will le alwnt 6,990 
square feet, meii3ur«l on the nnt««ide of the tut>cs. 

The end sections of each condenser will lie riveted or bolted 
to the middle section, and will have tlanges t4) connect with 
the tuhe-sheets. If made of sheet metal, the longitudinal 
seams will be bntte<I and have double I)utt-stra|>s, single riv- 
ete<l. Uiveted joints will l>e tinned and sweatctl before 
riveting, the tinning extending l)evond the seams on the out- 
side of tile condenser, so that any feaks can be easily soldered. 
The tube-slieels will \>e secured to tbe flanges of the shell 
by naval-brass eollar-ljolts, which will also W ased for fasten- 
ing the cin^nhiting- water cheats. 

The chest for entranwi and exit of circulating water will be 
made of (-om|)<isition, with a division-plate in the middle and 
with four man-holes. The inlet and outlet- no zzh-s will each 
Ih; 15J inclics in diameter of opening. 

Tlie water -<'hest at the other end of the condenser will be 
™st in dished form, as shown. It will have four man-holes. 
Then- will l>e tlii-ce slay-lMilts to conne<-t the water-chest t« the 
tube-slH*t. 

There will 1h' four braces of rollc<l naval bniss connecting 
the tulMJ-shceti, vavh | inch in diameter, and ench )>assing 
thmigh !i stay-tidK' 1 } inch external diameter and \ inch thick. 

Itiiffle-plales of brjis,'* will 1m; litte<l, as .-ihown, to direct the 
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steam over all the tiilxs. Plattw will l>e provKlwl fi)r sup- 
porting the tiil>es and tii act also as lmfHe-[)lates. 

Ill iniiit of the nmiu ex hntist -nozzle, above llie tube^^, will 
be a def1ectiiig-|ilate, supported as shown. 

A wippur liink, m[)K, and coek will be provideil for admit- 
ting an alkaline solution into the eondenser — thic pipe to eoii- 
ncct with the s:ilt^feed spniy ; the tank to \xt of at least 10 
gallons cajMieity and conveniently plaoe<l. A 2-inch branch 
from the auxiliary steam-pi)K' will lead to the bottom of the 
condenser for cleaniug the tulx^ by boiling. 

Drain-cocks will l>e providwi, with pipes leading to the 
bilge. 

All iMirts of the condensers, ex(«pt as otherwise specified, 
will be made of comjwsition. All holts to l>e made of naval 
brass. All bolts for .securing flanges of pijios and man-hole 
plates will l)e stiuiding Uilts, and will, wherever possible, Iw 
serewctl into the condenser-plates with heads inside. The eon- 
<1cnscrH must be jierfectly tight all over and l)c so prove<l after 
being secured in place. 

AIK-l'UMl'S. 

There will be two single-acting, verti<'al air-pumps, driven 
by a two-cylinder, verti<al, inverted eom]K)und engine for each 
propi ling-engine. 

The stesmi-cylindcrs will bc«irric<l by three nist-stiK-l frames 
sup[M>rte<l upon brackets on the air-pump cylinders. Rich of 
these framcH will I'linsist of two uprights of T-wctioii. with 
Iwlliug flanges at top ;uid liotlomjOonnccted by a webofMmiiar 
se<rtron, which web forms the snpjwrt for the crank-sliaft 
Ix-arin^. These frames will also Ih' sc<Mn'c<l to the bulkhfad. 

There will 1h' one engine-cylinder over each pump-cylinder. 
Each pnmp piston-rtxl take** hold of a cross-tail, which is con- 
no-twl with the engine cross-head over it bv four steel nxls. 
A) each end of the cmnk-shaft will Ik; a Udauct^wheel. 

The crank-shaf\ will have three Iwarings. Thcerankswill 
l>e at an angle of lIJo" to each other. All |iarts of the pumjis, 
except whcreotherwise s)H'cifie<l, will iie made of compisition. 
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Eacl) iiir-|)itiii|i will linvea piston working inaryliuilerof 18i 
inches Ik )rf. TlifjMiiniMryliiulcnswill iK^castwjKirateand ItottMl 
to a «i^iii)r MTviiiji as foil ndiit ion, aiitl containing the two sets <ii' 

i i iH i i- i'-^ ^,.' ' " i, I I . 1 ." ' 

Jw t ii wu i | i ii Cuiilih Jn inst in one witli the immp-ftylimkTS, 
^n ii t iiiiii |, ' lhi ' l UHMjiU unlul l i ff n ii ilmii ^ Tlie stnike will Ix* 
l(>^ inciics. The |inni|i-i>islonH will )m) cast flanged, the tliinge 
l>eiiig ftroovcd for walfr |i;u-king, ns shown. Tlie pumii piston- 
rmls will Im! tiuxle of nillitl )>] i osp hor- 1 >n)nze or approved equiva- 
lent inclal. There will Inr 9 foot-valvew, 6 valves in ciich pit^ton, 
and G deh very-valves for eaeh pump, all 4J inches in <lianiut<'r, 
made of approval metal. Kneli vulve will l)e held in pincc liy 
agnurd and a Kpinil sjiring of pho^phor-hronzc or approvi-d 
0(111 valcnt metal. The valves an<i g»anlsnnistl»e easily remov- 
able and held tirmly in plai%. The valve-Reatingt! will l)c made 
!^c|>arately from the pinnp-csitiingn, and will Ixs lK>)ti-d in place. 
The ftiot-vaivo hials will lie placed in inclined positions at the 
•wMWof the jtomps and the delivery-valves horizontal at tlie 
higlicct [mrlsof tliepum|>-i;hambers. There most be no |)oeket8 
in the pnmp-ciiamtxTS, nndenx'ath the deliver)'- valves, where 
vn|K»r ran loilgc. The grating of the valve-seats mnst be so 
arrange<) that the clear o|>ening of each valve shall lie at least 
13.!) Mpiare inclics. The 1)onneti> will !« well rihiied and pro- 
vidid with jaek-lxdts and eye-l«)It8. Each air-purap will have 
one Kuet ion-nozzle yj inches in dianictcr. A 9J-itieh copiwr 
l)il>e will Iciid fnini the iKittoin of the cond ease r and l>e breeched, 
there Ijeing one arm for i'ach pmn|>-cyliiulcr. PJich of these 
arms will have a stniighlway-vulve. 

The cnjrine-i'ylindcrs will be J)J and 1 7 J iniJics bore reaiiec- 
lively. The cylinders, with their valve-chests, valve-eliest 
covers,an<l slide-valves, will Ixt miidcof (sist-iron. Thehipli- 
prcssiirc and low-pressure viilve-clu-sts of eaeh engine will be 
connected by a <'op)M'r j)i|>e 3^ inches in diameter. 

The hijrh- pressure piston ami all cylinder-covers will Ix; 
made of ea,-!t-iron; the low-pressure piston will be made of 
<;oniiK>.sition. 
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The craiik-sliafts, jiisUm-roJs, valve-nxls, aud ecmin^^ting- 
tods will be made of tiir^l-steel. The pbtuiis will lie filled 
with cast-iron [xicking-riiigs. The cposs-heiuls will t>e of 
coni]>oriiti(iD, taking liold tit' a Itar-guide. Eac^h cmst^-hoad 
will have fuur arms, which take hold of the rods on each cruss- 
liead. 

The crank-shat^H will be 3^ iiiclies diameter, with bearings 
4J inches long at ends and 6 inches hmg for center Ix-aring. 
Eacii crank-pin will be 3} inches diameter and 4 incites long. 
Each cylinder will have a slide-valve, worked throngh gear, as 
sliowi). 

Each engine will take steam from a branch of the main 
steam-pi[>e, with a st(([>-valve having a hand-wheel at the 
working- platform, and will exhaust by a special pi|« inlo the 
condenser, and there will also lie a pipe through which it can 
cxhanst into the l(iw-pre.-wurc receiver. 

Each air-pump, togellier wilh its condenser, must maintain 
a vacuum of within fonr inches of mercury of tin; atmos- 
pheric Iwrometer with the pi-ojiel ling-engines at full power 
under forced draught. 

CIHCULATlNG-PUMPa. 

Then; will Ik; a centrifugal circulating-pump for each con- 
deiiSBT, Tjfiven tiy an TnclnfielT Hfree-cyiinder engine. Each 
]iunip must be cajwhle of discharging 9,00() gallons of water 
[H;r minute from the hilge. The pump.swill be made of com- 
position, except us ollierwb-e specified. Each pump-casing 
will I>c made in two parts, diviiied in a horizontal plane, the 
up[)er jHirt with ctmvenienccs for handling. The suction- 
nozzle will form a sup[>ort for the pump and will be securely 
bolted to tts seating. This nozzle will have an opening for sca- 
sucliou of not less than I5J inches diameter, and a 15}-inch 
opening for hi Igc-s action. The pump-runners will l>e8moothly 
cored, fiuishc<l on the outside, and perfectly lialanceil. The 
shafts will be of phosphor-bronze or approved equivalent metal. 
The bearings will consist of sci-(ions of liguum-vitie on end of 
xnm—u 



grain, dovctniled into eumjHisitiini split-sleeves, which will be 
well seriii-€^l against turning. Tlic stuffing-box glands will ba 
each in two parts. There will be an air-oix-k at the top of the 
pumfwasing and n ilruin-t-ot^k at the bottom. The pump- 
ca.sing3 must tw made as light as poHaible consistent with 
strength, anil must Ik; smoothly cored, with easy Ixjiids 
wherever the direction of the flow of water is changed. 



CIRCULATISO-PUMP ENOINES. 

They will Ije of the inclosed multicylinder type, of ap- 
proved pattern ; each of sufficient power to secure the results 
above si)ecified. The engine-valves must be of either the slide 
or piston type. 

CIRCULATING-I'UMP CONNECTIONS. 

Each circulating- pump will l)c fitted with pijies and valves 
to draw from the sea or engine-room bilge, and will deliver 
into the «>ndenser; or direct to the outlMianl-delivery pipe by 
a pijw connecting inlet find outlet of condenser. This pipe 
and the inlet pi|M« of condenser eacli to have a damper-valve 
of approved pattern. 

The injection and <leli very-pi jxis for condenser circulation 
will !» not less than 16J inches internal diameter. 

There will be stop-valves in the pijKS leading from the sea 
and fnim the bilgt^ to the <tirculuting-pum|) in each engine 
com part in en t. These valves will l)e so connected by levers 
Ihat wlicn one is shut the other is o)K!n; and IkiUi will be worked 
by a whei'l well alnive the floor-plates. 

-SKA-lNJEtrriOX VALVES. 

There will lie a straight -w.iy screw main injection- valve of 
not less than 15J inches diameter in each engine compartment. 
It will connect with ihc sea by a conical steel tulw through 
the <louble-l>ott«m. 
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There will be a strainer oil eacli pi{>e at t)ic ship's side. 
The haii<I-w)ieels of these valves must lie easily accessible 
above the engine-room floor-plates. 

There will be a I J-inch steam-pipe leading from the auxil- 
iary steam-pipe to the injertion-pi|)e outside of injection-vulve. 
This pipe to have a valve at each end. 

BILGE-INJECTION VALVES. 

They will be as specified under the head of " Bilge-Suction 
Pipes/' 

OUTBOABD-DEI.IVEBY VALVB8. 

There will be id eauh engine comjiartmeut a main outboard- 
delivery valve of the same size and ty^te as main injection- 
valves. 

The valve in each eomirartment will connect with a steel 
pipe about § inch thick giassiug through the double-l>ottom. 
The hand-wheels will be accessible from the engine-room. 

FEED-TANKS. 

There will be a feed-tank plocetl as shown in the drawing. 
Each tank will have a ca[>acity of about 550 gallons. It will 
be made of J-incli wrought-iron. It will l>c stayed internally 
as may be directed. Each tank will have at least 8'! cubic 
inches of mllml-zinc platts, ii))Out J inch thick, susj^nded from 
the braces. The atrajis sus|)ending the zino plates and the 
braces where the straps come in oonUct will l>e filed bright 
before fitting. The parts to l>c tlien well [)aint«<l on the out- 
side, or the joints to l)e made water-tight in other approved 
manner. The up])er ])ortion of the tank will l)e fitted as a 
filter, into which the water from the air-pump will l>e deliv- 
ered. The filter will !« provided with s|>onges, and so ar- 
ranged that the water will rise through the s])onges, and that 
tiie (tjMtnges will Ite readily acccssilile. Kicli tank will have a 
man-hole with Iwlted cover, and will have a glass water-giuige 
with suitable cnards, shut-oiT cocks, and drain-cocks. 
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Eacli tank aiul filtur will liave tlii; foIlowiDg pi|)eHsiiiiH>c- 
tioiis: A <lisi.liar)r('-|iiiH.' f'nim wu-h air-piimp; an overflow- pijw 
Imiliujr to liilfp.', Imt so arraiigitl that auy water (>as8ing down 
it muv Ik; sot^u; a snetion-piiif; H> foe<I-inimps, with valve; 
<lRiiii-[)i|i<<s from trajts, as elsewhere six't-ified; a vapor-pipe, 
4J iiu-lics (liiuncter, of copier, No. 16 B. W. G. Thevajwr- 
pipi- will kii<l lip ihe engine-room liati-h and ilischat^ alxive 
till' levi'l (if the awnintp^, where it will have a snituble hood, 
or it may lie led into the in:iin esca|)e-[n|>c. E^ch feed-pump 
siKiiiin will Ik; provided with a balanced valve operate<l by a 
cop[XT float in the fi«d-tank, so arranged that it will allow no 
air to enter the fecd-piix's. All trap-discliiirges and drains 
will enter ihe feed-tanks well below the ordinary water-level. 

FEKR-TANK SUCmON-PIPES. 

From thejKirt fe<^^l-lank asiiction-pi)>e will lead to the main 
and auxiliary feed-piiinps on the port side, and from the star- 
Imanl tank a similar pij>c to the ]mm])8 on the 8tarlK>ard side. 
These pi]x» will be connected with each other in the engine- 
rooms with valves, so that either feed-pump can draw fmm 
either or iKith tanks. Non-return valves will be fitted in 
the.'t! pijH's close to auxiliary fee<l-punips. 

SirtTIOS-PlI'ta FUOM B(iTT<)M8 op C<>NI>ENSEK8. 

From eaeh air-pump channel-way bolow ihe foot^valves a 
2-infh pi|>e will lead to the corresjionding feed-tank suctiun- 
■ pi|H^ with a screw-down uou-return valve. 

8BA-SUfTION P1PE.S. 

A pi|K! will Iwid tWim the sea-suction valve in eaeh eiigine- 
nwin to the fire and bilge-pum|i, the auxiliary -pump, the 
auxiliary feed-pump, and the ei reflating- pomp for auxiliary 
condenser in its eomiiarlment. A pi|)e will also lead from a 
siweial sca-valvo, fitted wheredirected, to the distiller cireulab- 
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iiig-pump. E^ifhof tll(•^^c pijx'rt will Ik? of at least tiie same Ikipc 
as tlie nozzle on the pnm|i with whicli it connects. Eacli sen- 
suction will Ik- «nitrollc<l by a valve which will not }'erniit 
sea-water to enter any <)f the hilge-suc-tioii piix-s or i'ee<l-tank 
suction-pipes. 

Illl/IK-SUCTION PIPES, 

There will be the following suction -pi |)e8 from the bilj^e and 
from the ilminagc-pi|)es to the various pumps: 

A 15J-inch wipjwr pipe will lead inlHianI fniai each circu- 
luling-punip, with u s-nlve elosetotlie puuip,iisl>efori's|M.*ific<l. 
A ri-inch branch from each of these pipes will lend into the 
dminage-iistern on its side of the fore-and-iift bulkhead, with a 
screw-ilown non-return valve wliich can he lifted from its seat 
by means <if its stem. Kach pigie will also have a 12-inch 
branch direct to the bilge in its own (»mj>artment, with a non- 
return valve which can In; lifk-<l from its seat by means of a 
sliding-sleni, but without means of fastening it shut except by 
lashing the lever by which its stem is worked. 

The ifl i im i H I ■■ti—diBUct ion- pipes will ■»> have strainers. 

A 3-inch piiwwill lead from the lowest part of the bilge of 
the com|>artnient aimft the engine-rooms to both of the firt: 
ami l>ilge-pnni|». A pipe of the full size of fire and bilge- 
pumj) suction wn'll lend out of each drainage-cistern to the 
pump on its side of the fon:-aiid-afl bulkhead. The pi[K;8 
here specified, which supply eai-h tin; and bilge-jnmip, will 
lend lo u valvc-lxix near the pump, which will contain a screw- 
down nmi-relnrn valve for each suction. Between this valve- 
box and the pump there will Iw a Macomb, or equivalent, bilge- 
strainer. There will l>e no other strainer or valves in any of 
thei5e pipes other than those herein s|)e(rified. 

VlacU an:^iliary feed-pump will have a suction-pipe of the 
full size of its suction-nozzie, connecting with the drainage- 
sy.stem and bilge, as may 1* directeil. Each of the small feed- 
pnin))s in the forwanl lire-rooms will have snction-pi|ies lead- 
ing to the main air-ducts on its .lide of the forc-an<l-aft bulk- 
23481— la 
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liea<i,aii(]tothcbi)i:c&s may iM-dirtt-ted. The suctions to each 
pump will lend to a valvt^liox and strainer titled as beibru 
specified for the siiclions ti> the fire and hilge-pumps. 

The lower ends of all hilge-suofion pi|)es will Ix? of galvaii- 
ized-imn. Care will l>e taken that all the copper bilgc-pijtos 
are led suffifiently hij;h to keep them out of the bilge-water 
under ordlniiry oircumstanctw. 

FIRE AND BII-GE-1'UMP8. 

There will l)e in eai^h engine-room a pump of approve<i 
design, which will be use<l as a fire and bilge-pump. It will 
have a capacity of 300 gallons per minute, with steam cylin- 
der of suitable size to work as a tire-pump with steam of 60 
lie. pressure. E^eh of these pumps will have suctions from 
the sea, the bilge as may be <lirecteci, and the drainage-system ; 
and will deliver into the fire-main and overboard. 

BNOINE-IMJOM AUXILIARY PUMI-S. 

There will be in each cngiue-room an auxiliary pump of 
approved patteiii, of 150 gallons cajmctty |>er minute, and 
with cylinders of proper pntportion, to l>e used as a tire- 
piimp with steam of 60 lbs. prcirsiire. This piimp will have 
suction from the sea only, and will deliver into the engine- 
room water-servii-e pii>es and the fire-main oidy. 

ENGINE-ROOM WATER SERVICE. 

There will lie in each engine-room a 3-inch pipe connected 
with i) siH^ial sea-valve and with a special auxiliary-jiump 
delivery, with biiinchi^ leading to the diflerent parts of the 
engine, as follows: 

All-inch branch innnected by a union-joint with a pipe 
screwc<i into the <Mp of each crank-shaft iM^ring, and le.KJing 
throngh brasses to top of journal; 

Two H-inch pijHs fo eaih crank-pin; 

Two 1-inch pi|K-s to each cixw-hcjid ; 

One l^-inch pilH! to each cro.'w^head guide; 



One 1-incli [nyte to eacli jmir of ecceutrics; 

One '2-tnuli pipe to each tlinitit-lieartng; 

One l-inch pi|>e to eai-li Hiie-sliaft bearing; 

Two 1-ineli pipes to e^ch air-punip engine and to each cir- 
culating-pump engine. 

Ail of the above to iiave detachable spraya or short Icngthn 
of hose, as directed, and where directed to have pivoted noz7.1ea. 

Each hrauch will have a separate valve. 

All the water-service pij^es and fittings alwve the floors will 
be of polished brass. The pipos in the two engine-rooms will 
be connected with each other by a 2-inch pipe and valve. 

TURN I NO-ENGINES AND fJEAB. 

There will be iu eacli engine-room a double engine of anit> 
able size for turning the main engines with steam of 60 lbs. 
pressure. This engine will drive by worm-gearing a second 
worm, which may be mnfle at will to mesh with a worm-wliebl 
ou the proj)eUing-3haft. The worm-wheel of each engine will 
be fitted on the flange-coupling between the intermediate and 
forwani low-pressure c)-linders. 

Theturiiing-cngine shaft will Iw squared at the end and fitted 
with a ratchet-wrench, of approved design, for tnrning by hand. 

Each turning-engine will have jiiston-valves, and will be 
mode reversible by means of a change-valve moved by a screw 
and hand-wheel. 

The turning- wheels will be of cast-steel with cut teeth. 

SECURING ENGINES IN VESSEL. 

The engines will l»c .idjiisled and aligneil u|xm the engine- 
ket'lfions, and when accurately in line snugly-fitting wronghi- 
inin washers will l>e fitted around all holding-<lown bidts. 
The hol<ling-down Indts will l>e firmly set up and bolts and 
nuts lockG<l in place. 

When Anally secured all shafting must Iw accurately in lino 
with the vessel at load-dnmght and onlinary stuwage. 

All iiarts of Ihe machinery and Iwiiiers will lie secured in 
an approved manner, t« ]irevent displacement when the vessel 
is used for ramming. 
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STEAM AND VACUUM-QAUGBS. 

There will l)e the following gauges, iu polii^lied brass, cases, 
suiluMy eiigrnved to show to what they are connected ; all to 
Iw of appro ve<l itattern and Ofiual to "Ijan e's improved^': 
~ Iwoon each txiilcr; 

One connected to each main steam-pipe; 

Cue connected to each intermediate vulve-cheat; 

One connected to each low-pressure valve-chest; 

One connecte<l to each condenser. 

All the alwvewill havc8^-inch dials; those iu engine-room 
to Iw at the working-platform. 

Also the following with 4^-inch dials: 

C)ne (vnnected to each intermediate cylinder-jacket ; 

One connected to each low-prej-sure cylinder-jacket; 

One on auxiliary steam-pipe in each engine-room and each 
fire-room ; 

One OD each circuit of radialor-ptjtes. 

'Die gangeson vaivc-cliests and steam-jackets will )>e plainly 
marked with the limit of pri'ssnre permissible. Thegaiigcson 
intermediate and low-prcssnre valve-chests will indicate both 
pressure and vacuum. 

A mercurial vacuum-gauge will be connected to each oon- 
deiisor. 

THERMUMSTTEKS. 

There will he the following thermometers — all to be per- 
manent fixtures, with their stems and bulbs protected by brass 
covers; the casings and fittitigM to be of jHilished brass ; 

One on each hot-well ; 

One on each fw-d-tank ; 

One on each main teed-pij>e in fire-rooms; 

( )ne <»n ea<'h main injection -pipe ; 

One on each main outboard-ilelivery pipe; 

One on each main steam-pipe close tii engine. 

The hot-well and feed thermometers will be so fitted as to 
waste no feed- water. 
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There will ako l)e furnished : 

Four spare water-thermometers oimplete ; 

Six spare steam-tliormo meters complete ; 

T4VO staii(lanlize<l lherrin>melers, gi'aduated on stem aud 
reading to -fg decree Falufnlieit ; stems to be at least 20 inches 
long; each thermniiiclcr to be in a ruhbcr-Iiued brasii case, and 
each case to be suspende<i by s|»ringa in a suitable permanent 
locked <asG in engine-room. Theso thermometers must he 
equal to those m^e by H. J. Green, and be accompanied by 
certificates of standardization. 

REVOLDTION-INDICATOHS. 

They will l>eorsuch approved pattern as shall not Ih; affected 
to a perceptible d(sree by tin- motion of the sliip or hy changes 
of temperature. They must be worked otf the engiu^s by posi- 
tive motions,and must beso tilted that changes of engine spee«l 
shiill not produce viuleiit fluctuations of the indices. There 
will be two in each engine-room, one to show the a[»eed of 
each propeller. 

RBVOI.CTIOX-COUNTERS. 

They will be of the continuous rotary tyjw, to rf^ister from 
1 to 1,000,000, each worked by positive motion ; each to l)e 
in a polished brass cas<r. There will be fitted : 

One for each main engine ; 

One for each nuiin air-pump; 

One for each main circulating-pump. 

Tell-tales will be fitted on the bridge and in the conning- 
tower. to show the ilirection of revolution of the main engines. 

ENOINE-1KK1M TELEGRAPHS. 

A repeat! ng-tel^raph of approved pattern will he fitted in 
each engine-room with its dial at the working-platform, and 
connecle<l to trunsmitlers in (X)nning-tower, in wheel-house, 
and on bridge. The <»imectioris are to be made in such 
manner that the chance of derangement shall be nvu\wvaR&.- 
231M1— 14 



SPEAK I^G-T^B^H. 

They will be made of copper not less than No. 20 B. W. G. 
They will connect each cnginc-nxira with each fin'-nwni; tlie 
engine-rouuis with each other; the fire-rooms with each other; 
each eiigine-riK>m ti> the pilot-house, conning- tower, bridge, 
and to the chief engineer's nwmi; each fire-room with the 
upper deck close to tnc top of the ash-hoist, and elsewhere as 
required. Each tube will be fitted at each end with a mouth- 
piece and approved annunciator; the month-pieces to be cou- 
netrted to short flexible pi|)es where rcfjuirod. All mouth- 
pieces or pi]>es will be plainly marked. The tubes will be 
suitably cased wliere necessary. 

ENGINE- IS niCATORS. 

An indicator connection will be made to each end of each 
cylinder of main engines, and to each end of each steam and 
water-cylinder of each air-pump, as near an possible to the 
bore of the cylinder, and so as to Ite ojisily ancessible, E^ach 
indicator on cylinders of main engines, when in place, will be 
connected to but one cn<l of a <ylinder. The connccting-pipee 
will l)c 1-inch bore, without bends. The indicator- mot ion of 
each engine and air-pump will be so fitted that both indicators 
on its (yliudcr can l>e connected at the same time. Themotiims 
of the indicator-barrels must be accurately (^>iucident with the 
motion of the <^irresiMinding jtistons, and such as to give a 
motion of not less than 4 incites. The steam-cylinders of all 
auxiliary engines will have hole.-^ tap[)Oi) for indicator-fittings, 
and then plug^Hl. Tiicse engines will have jxtrtable indi- 
catnr-n]otions fitted, then n-nioved and suitably marked and 
stowed. Where auxiliary engini'.-j are duplicate<l but one set 
of indicator- mot ion fittings need be supplied for all of (sich 
kind. 

Ten indicators will 1k' furnisluxl for each engine-room; 
two for the high-pressu^^ cylinder; two for the ititermei Hate- 
pressure cylinder ; two for each low-] tress ore (ylinder, and two 
indicators fcir auxiliary engines. Each inilicittor will have two 
springs of approveil scjiles. 
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The indicators will be of approved tyjie, witli detent-motion 
and with adjustable tension to the barrel-si>ring. They will 
l)e iiiekel-plated, and will bo complete with all attacbmeDtB. 
One extra eock-atlacbnient will be furnislit'd with each indi- 
cator. Each Indicator will be in a separat« locked case; each 
case to be suitably marked on a brass plate, and each case to 
be conveniently stowed. 

ENQINE-ROOH DESKS. 

A black-walnut desk of approved pattern, with locked 
drawers, and with a locket) cabinet of pigeon-holes, will be 
fittc«l in each engine-room where directed. 



There will be in each engine-room, close to the counter, an 
eight-day clock of api)r()ved pattern, with second-hand, in a 
polished brass case, with 8^-incli dial. 

There will be in each fire-room a similar clock, with an 
outer dust-tight case with heavy plate-glas9. 

VENTII,A TING-FANS. 

All exhausting fan with a capacity of at least 10,000 cubic 
feet of air per minute will l>e fitted in each engine-room. 
Air-<luds will be le<l to theK! fans with adjustable ojHtnings 
so arranged us to thoroughly ventilate the engine-rooms and 
shaft-alleys ; the air to l>e dischargcci through ducts leading up 
the engine-room hatch with outlets so arranged that the foul 
iiir will not l»e drawn Iwck down the hatch. 

Each fan will be driven by an indeiiendent engine of the 
rarne kind its s[iecified for the fire-room blowers. 

BOILERS. 

There will lie four d(mble-cnded boilers and two single- 
ended Imilerw. to lie la^ as auxiliaries. Two of the main 
l)oilt'rs will U' iil>out \'-i feet 4 inches outside diameter and '20 
feet '-i^ in<-hcs long, the other two main boilers will l>e aUmt 
14 feet Uj inches outside diameter and 20 feet .'1^ iiiuhes lung. 
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The two auxiliary boilers will l>e ai>otit 11 feet 2 inches out- 
i^ide Oiaoieter and 9 feet J inch lon^. 

Tiie total grate-Kiirfacc will be almut 597 square feet, and 
tlie tntal heating-surf aw about 19,382 square feet. 

The iMiilorsi will oocupy ftmr water-tight compartments, as 
shown. 

1»>ILEK MATERIAL. 

AH (ilateu iisw! in the t'onstruetion of the boilers will be 
n|>en-hearth steel. The rivets will be of open-hearth or Clapp- 
Griffitli's slot'l. The tnbes will l)e of ateel equal to that use<l 
by the Tyler Tube Co. All material will be te9te<l a.s elst- 
whero specified. 

BOII-ER-SHELia, 

'iMiPf mil mi iiiiiuLMii i^itiJtii |iiiiiii^i.n«'ini!ii oi <m\' 

Vi i l ei' tp- lg wailt i II I i ff u ili iffl! taii ' h r i ll }; ur L l iiW! | itauis/ 
The boilers of alxmt 14 feet 6 J inches ontttide diameter will 

have a shell IJ^ indies thick ; those of about 13 feet 4 inches 

outside diameter, a shell lA inches thick; and the auxiliary 

Iwilers a shell fj inches ihiclc. 

The inain-lHiiicr shells will I)e in three courses, each course 

of three plates. The uiixiliary-boiler shells will !« in one 

course of two plates. 

B()II.ER-HEADS. 

E^ch head of each boiler will be made of three plates in the 
niniu and two plales in the auxiliary l>oiIer. The n{)|)er 
[ilare of each liwid of Iho 14-foot fi.H'ich boilers will be IJ 
"inch thick, of" the 13-foot 4-iuch btJilers will be Jife'i ne lies 
thick, and of the auxiliary Iwilers will l>e J inch thicK. All 
the other phites in heads of Iwilers will be f inch thick, ex- 
<t.|>t the Lack heads of auxiliary boilers, which will be ]4 inch 
thick, and the tube sheets of the main boilers, which wdl be J 
inch thick. The hmds will be flanged iuwanlly at cireum- 
crleni-c anil furnaces. The upper plate of each head will b(! 
curve'! back, as shown, to meet the shell of boiler. The heads 
will l)e stiffened by vertical X-bars, as ahowa v& 4w^«>»j^- 



BOILEK-TUBB SHEETS. 

Tliey will Ik.' j iiivh thick, except in the fronts of main 
boilers which will be j inch thick. Each pair of mbf-shi>et.s 
must be acciirdtely pjirallel. All tulie-holos will lie slightly 
rounded at the ed^^. The holes for stay-tulws will Ix' tapjied 
in place. The holes at (tomlmstion-cliainlwr end will i>e<lrilttHl 
to suit tlie protection of tubes, as siiecified below. 

BOtLER-TUBES. 

They will be of steel, la()-wclded and drawn, equal in all 
respects to Tyler's. There will be 232 stay-tubes and 70H 
ordinary tubes in each of the 14-foot (ij-in<'h btiilers,? feet :i\ 
indies long !>etween tnlw-slicets. All tulxK will Im 2J inclie>i 
external diameter. Each of the 13-foot -l-inch iMiilerswtll have 
192 wtay-tube* and 576 onliiiary tubes, 7 feet -i} inches Ion;; 
betwei-n tiibe-shet'ts. Eiuh of the auxiliary boilers will have 
66 stay-tubes and 192 ordinary lubes, 6 f»«t 8i inches long 
Ixstween tul>e-sheets. Theonliuary tubes will be No. 14 B. W, 
G. in tliickness,aiidwiIH)e, swelled to 2^^ inches external diam- 
eter at the front ends. Tlio back ends will l)e exi>an<led int<i 
recesses in the tulie-sbeet.or wilt be protected from the action 
of the flame in other approved manner. No method innst lie 
used which will reduce the cidorimeter. The raethn*! of pro- 
tection must l>e such as will not interfere with the use of fer- 
rules, and will not cause injury to the tube-sheet when tul>es 
are cut out. 

The stay-tnlxis will Iw No. « It. W. G. in thickness. 
They will l>e nnut'oix^xl at both ends to an external diameter 
of 23 inches, leaving the bore of the tube nniform from end to 
end. They will then Iw swelled at the front end .to 2^ inches 
external diameter. They will 1m; threatlecl j)arallel at eoni- 
bustion-chamlwr ends, and taper at front ends to fit threads 
in tnbe-sheets. They will Ix; iserewed into the tnbe-sheets to 
a tight joint at the front end, and will \k made tight at the 
Imck ends by expanding and beading. All expanding will \x: 
done by approved tools, ('jist-iron ferrules of l\ \wA-vv«.va- 
234W— !.■ 



tenial diameter will be used to protec-t the ends of stay-tubes in 
c'uiiilmsttoii-i^iamltt'rs. All tubes will be spaced 3J indieti 
from confer to center vertically and 3^ inches horizontally. 



TOMBU8TION-C1IAMBERS. 

There will l)e six com bust ion-chamben< in each main boiler 
and two in each auxiliary l)oilcr,oncfor cavh furnace. They 
will l)e made nf J-inch [ilatcs, except the tul)e-sheets, which will 
l»e as before 8(>ecified. The backs of the <^ml)nstiou-chamt>ers 
will Ih: rounded at the top in the main iKtilers, and the top will 
be flat and brawd by girders and IhiIIs in the anxiliary boilers, 
us shown in the drawing. The plates will lie flanged where 
uecessary, and all parts joiual by single-rivctiug. The holes 
for screw stay-bolts in plates of combustion-chambers and 
shells will he drilled anil tap|)e<l together in place. 



BOILER BRACING. 

The bracing of each lx>tler will be as shown in drawings. 

The conibustion-chanilwrs will be stayed to each otlier and 
to the shell of the boiler by iwrew-stays, spacwl 7 inches hori- 
zontally and vertically, screwerl into both sheets and fitted with 
nuts — the nuts to be set up on l>evelcd washers where stays do 
not come square with the plates. The screw-slays will l>e \-^ 
inches diameter except those nearest the sides of the combus- 
tion-rhamlM-rs of single-ended Iwilers, which will !« 1^ inches 
diameter. The holes for screw-stays will be Iap)>ed in lx)lh 
sheets in place. 

The tojMof the combustion-chamliers will lie braced as shown 
in drawings. 

The bnttom^ of the i-otn bust ion -chambers will be stitfened 
by angles. 

All .screw-stays and all screweil braces will have raised 
threads. 

All braces will !« made without welds. 



RIVETED JOINTS. 

The longitiKlinnl joints of Imiter-shells will be butted, with 
straps insiae and outside, and treblc-rivete<l, as shown. The 
joints of heads with shells will be double-riveted; all other 
circumferentinl joints will be lapped and treble- riveted. Joints 
io fumaoe." and combust ion-chaml)ers will be single-rivct£<). 
Rivets will Ik) of steel. Edges of all plates in cylindrical shells, 
and of all Hat plates where not tlange<l, will be planed. Edges 
of flanges will \k faire() by chipping or otherwise, as may be 
approve<l. Plates in cylindrical shells must not l>e sheared 
nearer the finished e<ige than a distance equal to one-lialf the 
thickne;^ of tlie plate along the circumferential seams, and 
nut nearer than one thickneS'^ along the longitudinal seams. 
No plate must average less than the si>ecilied thickness along 
the lougituilinal seams. All riv«t-hoUs in shell-]>lat£« will he 
drilled in pla<« after liending. Hydraulic riveting will be 
used wherever possible. In parts where hydraulic riveting 
cannot be used, the rivet-holes will bo coned and conical rivets 
used. Seam.'i will be calked on both sides in an approved 
manner. Tx)ngitudinal seams will break joints. All joints 
will be as shown on drawings. 



BtMLKIl MAN-HOI.l'S AND HAND-HOLES. 

There will \k man-holes and hand-boles as shown in draw- 
ings. Kaoh of these man-holes will have a stiffeuing-ring 
riveted on the out'^ide of the l>oiler-head. The plates will be 
of cast-st^-el in dished form, each plate secure*! by two 
wrongiit-iron <logs and two 1^-inch studs wilb square nuts. 
Eiicli plate will have a convenient handle. 

f^ich of ibc man-holes in the U>p plale of heads will have 
a raised ciist-steel ring riveted to the shell of lx)iler. 

The hand-hole plates will 1r' cast-steel, and will Iw secured 
by dogs ;uk1 Imlts. 

All plates, dogs, and nutw will !« indelibly n)arke<1 to show 
to what holes they l)elong. 



FUKNACES. 

Eiicli furnace will be in one piece and corrugaletl. The 
lliickne^ and diameter will he as shown in drawings. They 
must 1)0 iwrfei'tly ciiviilar in cross-section at all points. They 
will Ik." riveted to tlangis of front heads and will be flanged 
and riveted to w>m bust ion -ciiaml>er plates. The corrugaliona 
of adjacent fiiniacee will be made to alternate, 
ORATB-BAK8 AND BEARERS. 

The ^rate-bars will be of wrongbt-iron, of approved revolv- 
ing or shaking |>attern. They will be so fitted that they can 
1m' readily worked nnder forced draft without o|)ening the 
furnace or a.sh-pit doors, &nd without allowing on esoa|>e of 
air or gases. They will also be so fitted as to be readily n- 
niove<l and replaced without hauling fires. The bars at -tides 
of furnaces will Ik* made of cast-iron to fit the corrugations. 

The bearers will be made of wrought-iron, supported by 
wrongbt-iron bigs Iwlted to the furnace-flues. 
nnn>GE-WA LLS. 

Tliey will be made of cast-iron, so fitted a;* to be readily 
rcmovalile. Tliev will extend Uick to the back of combnstion- 
Gli:ini1)ers so us (o leave no |)iace behind them where dirt can 
act^umulate. They will be finished with fire-brick or other 
ap|>roved refractory material. 

FURNACE-FKONT8. 

They will lie made with double walls of wrought-iron, lK>lted 
to !i light frame. The space between the two walls will be 
in i-oinmuniciiiion with the ash-pits, with the 8])ace between 
the inner and outer plates of the furnare-doors. Dampers will 
l)e fillc<l to regulate ibe amount of air admitted to this s|>ace. 
The u|>])er part of the inner plate of furnace-front will be 
|)erfor!Ued an dire<^tcd. The dead-plates will l>e made of cast- 
iron, iind fitte<l so !is to Ite easily removable. Tile dttor-open- 
ingswill Ik" a.s lai^ as praclii^ble. There will be a txiiding 
on the in.uide of the door-fraiue in wake of the inner plale of 
dixir lo make the eli^araiice as .small u 



53 

FUR.\ACE-DOOI!8, 

They will be nia<1e with inner and outer walls of wroiij^lit- 
iron secured to;^ther witli s(K;ket-l)olts. The outer plutes 
will l« flanged h:iokanil inadeulight joint against the furnace- 
fronts. TIm; inner plale will have as little clearaiiee iin |>osMible 
when closed. It will he |)erf()ra(eil sls may be diret^ttsi. The 
space between the inner and outer wails will l)e in free ooni- 
inunicatiun with the ash-pit, throngh the furnace-fnuit, so as 
to prevent gases leaking out around the door. There will be 
three hinges to each door, all of wrought-iron. The iipjier 
hinge will \u! so made as Ut sup|>ort the weight of the free 
end of the door, and so fitte<l that the .sag can l)e easily taken 
up. The latches will be of wrought-irim. 

AIR-DUCTS. 

From each of the fire-room blowing-fans a wrou^ht-iroii 
trunk will lead vertically down to the space undennuth the 
fire-room floor-plates, which will be bolted down to form an 
air-tight duct. Or, if preferrt^, a se))arate duct may l)c built 
under the floors, leaving the floor-plates loose. The wmught- 
irousidcsuf ducts will be not less than -^ inch thick. Plates will 
be removable where necessary to get at Ixiilers for repairs. From 
the main air-dn<t hranclics will lead to all ash-pits, each fitted 
with a door in front of ash-pit and eauh fitted with a danijMir. 
These daniiwrs will be so fitted as t<i l>e easily removable lor re- 
pairs, and willcat^h l>eprovide<l with a lever and catch foro|K;u- 
ing and closing; tolwso filtwl that ihe amount of o|>ening can 
be quickly and lusily graduated. 

The dam|)ers must l>e made to work easily, and when closed 
must be praetiudly air-tight. The air-<lucts will Iw so arranged 
that the lower man-holes will be easily acw-ssible. If necessary 
to make jwirt« of the duets removable for this purixise, the re- 
movable sections will Iw fitted with handles and with beckcts 
for hanging them im hooks pn>vidud for the pur[K>se. 

The air-ducis l>elow the floors must be water-tight, and so 
provetl. All air-ducts will l)c tested for air-tightness under 
the pressure needed to produce the requisite combustion. 
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Man-holes will be arrangwl in main air-(liicta whore directed, 
with HiiitabiG oovers. The r<»vorrf of man-hell's iu fire-room 
fioiir-plates will l>c siiflidcnlly heavy to be kept down by their 
own weight, ami will roHt n|>nn suitalile paitking. A siirtion 
wilt leaafrom th(! IowokI jKirt of carh main air-duct to the 
small feod-piimp in the forwanl fire-room, on its side of the 
furc-and-afl bulkhead. 

A8I[-PIT DOORS. 

They will Ix; niaite of J-ineh wronght-iron, stiffened with 
angle or channel-iron. They will be fitted with asliostos or 
other appn)vcd material to make an air-tight joint where fast- 
ened to air-<)ucts; this packing material to l>e so fittctl as to 
be prote<'ted from injury, and so a8 to l>e readily renewed. 
Each door will be fastened in place by wrought-in)n buttons 
iMilt^id to higa on the walls of ihe airnluct, eadi button setting 
up on a wedge riveted to the door, E;ich door will have two 
wrouglit-iron hamlles, two wrought-inm lieckets lo fit hooks 
on uptakc-doorpi, and an eye for slinging by. 



A lazy-lMir with the nii«s.sary lugs will Ijc fitted in the 
front of ea<rli asli-pit. Also |>ortabk' lazy-liars for the furnaces. 



Ash-pans of ^-in<'h wii night- iron, nm'hing from the front 
of furnace-flue to bridge-wall, will l>e fittal to all furnac&s. 

FAwh Ixiilcr will have <■i^(^nlating-pla^^^s fitted at each side of 
each nest of iuIm-s. They will Ire of steel, J inch thick, in se<.'- 
tioni', so as to \>c easily cntenil into ami taken out of lioilcrs, 
and will )»' scci'reil in an iipprove<l manner. Each .section will 
have two cli])s at njipcr and mie at lower end for sup|Kirting 
it fmm the siay-mlH-s. The |.lat(-s will l« well i«iint«l all 
over with two i-oat-s of approved jtiiinl or cement. 



Tliey will l>e made of wn.iigIit-iron, No. 8 B. VV. G., built 
oil (dmiiiicl-iron and ftliflonrd with uiigle-iroiiH, and will bt 
boltM) to iHiik'r-heady and hIigIIs. Tlx-y will lie Ixiltetl to the 
lower itiiitcs ol sill ok (■•])) J >c with slotted holes to allow for 
expansion. 

Outside of the uptake*) will be a jaeket inclosing a S-ineh 
air-«(>aoe; this jacket will lie made of No. 12 B. W. G. iron, 
and will extend from tlie ti)]>s of uptake-doors to tiio tojis of 
the uptakes. 

The space l>etwcen the platen of the uptake will be filled 
with an approved inconibnstible iion-<'onducting material. 

UlTAKE-lMKHtS. 

The uptake-doors will Ik' made of double fheliw nf iron of 
the same thicknei^s as u|i1akes. The sjaee lK.'tw«'n the "hells 
will be fillet! with the same non-conducting nmierial as in ii])- 
takcs. 

The hinges and latches will bcmadeof rast-Rteelorwroiifibt- 
iron. Each door will have two hooks for hanging the ash-pit 
doors and a hook for a ntfic for hoisting the name. 

Each door will also have an vyc near its top for hnmlltng. 

SMOKE-PI PEW, 
There will betwopmoke-pipes, about fiO feet in height alxive 
llie grates of the lower furnacts. TheaTX'nof each snioki'-piiie 
will Ih- about 'Mii s<|univl(vt. 'rhciowcrimrtsof thepii>eswdl 
l>e shapec! to coiuieot with the uptakes, and will 1k' built <)f 
No. 7 B. W. G. in)n or steel. The upper parts will lie built of 
No. 9 B. W. G. iron or steel. The pijics will l)e well stiffenwl 
by angles. 

Eiich ]»\w will 1k' finished at the toji by an atiglc-inin to 
whicli llie slay-sl.acklcs will be seenn'd, anil by n IukmI cover- 
ing the eii!-ing, to which will lie seconil shackles for slinging 
Iminters. Ka<'h piix: will be strongly stayed by guys and lurn- 
incklcs of agiproved dimensinns and pattern. All j,ok\t.* wxVv 
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\k hiittetl nud stni[ipe<l. Tliv pipes will lie supported in iin 
approved ninnncr, s<> that their weight will not iwme on the 
upiak<«. 

From it" jninti<ni with the uptakes to about 6 inches below 
thehoo<i .it top each siiiiike-pi)x; will l>e surrounded by a rasing 
leaving un niinnlar s\mm iit' 3 iiiHies. Tlje ra-sing will l)C 
mane of inin, Xo. 12 H. \V, G., and strengthened by angle- 
' iron.''. It will I»e butted and strapiMHl, Hush-riveted on the out- 
sidft and o|H'i) toil and bottom. It will \ie ntayc<] to the pipe 
and will lie t]ni»lK-<1 with a Imlf-rnund inin at tc>p. Thore will 
be d<Kirri through thiis msing and through Ninoke-pi|>c alHiut on 
a level with the main dec-k. 

Alx>ve the sraoke-pi|ie hat<-h an iron casing, Xo. 12 B. 
W. G., leaving an annular s])ace nf about 6 inehes, will e.\tend 
for alioiit 5 feet, and will lie finished by half-nnuid iron, Almiit 
1 foot above this tliere will l)e a lioo<l earned by the smoke- 
pijx.' casing. 

There will Im; a la<ider on the outside of each pijie, on the 
forward .side, reaching b) the top; theac la<lders to lie made of 
round ii-on, l)ent and rivetetl to the \n\KS. 

SMOKK-I'II'K (X.1VERS. 

Kavh sinoke-pi|)e will have a |H'niiaiieDtlv-fixe<l cover made 
of wr-iuglit-in.M, No. 1 1 H. W. G., hnilt on angles in a slightly 
di.-'hed form and stip|Kirteil by angles riveted to tht' smoke-pipe. 
The eover wil I be |»lac(!il about 3:J inches alxive the Uip of thi- 
siiioke-pi|it' so that ii will not intertci-e with the exit of the 
giisi-s, and will overla]> the smoke-pipe al>out 18 inolies all 
around. 

ii(n leh-.saddi.es. 

Each main Imiler will rest in four saddles, and each anxil- 
ian--l>oilcr will rest in two siiddles. Angle-irons will be 
rivete<l to thi- lK>ilen* to tit the saddles. They will lie l«)Ued 
to the sjidilles with allowance for cx\wi.\\i=\o"tt. 
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57 

BOILER ATTACHMENTS. 

Each main boiler will have the following attachments, viz: 

One steam stop- valve; 

One dry-pipe; 

One main feed (iheck-valve with internal pipe; 

One anxiliary feed check-valve with internal pipe; 

One bottom-bh)w valve with internal pipe; 

Two safety-valves with dry-pipe; 

Two steam-gauges; 

Two glass water-gauges, of automatic-closing type ; 

Four gauge-cocks; 

One sentinel-valve; 

One salinometer-pot ; 

One drain-cock ; 

One air-cock ; 

One approved circulating ap])aratus; 

One cock with thread for the attachment of a syringe. 

All external fittings will be of composition unless other- 
wise directed. All fittings will be flanged and through-bolted 
or attached in other approved manner. All cocks, valves, 
and pipes will have spigots or m'pples })assing throngh the 
boiler-plates. All intiTnal pipes will be of brass, No, 14 B. 
W. G., and must touch the plates nowhere except where they 
connect with their external fittino-s. The internal feed and 
blow-pipes will be expanded in the holes in boiler-shells to 
fit the nipples on their valves, and they will be supported 
where necessary in an approved manner. The stems of all 
valves on boilers are to have outside screw-threads. The 
internal feed and blow-pipes are to be arranged to come be- 
tween the corruo-ations of furnaces. 

BOILER STOP- VALVES. 

There will be a 9J-inch self-closing stop-valve, \vith hori- 
zontal spindle, on each main boiler. Each auxiliary boiler 
will have a 5-inch self-closing stop-valve. The valve will be 
bolted to the front head of each boiler, as shown, there being 
a spigot beyond the flange long enough to afford a good fasten- 
ing for the dry-pipe. 

23181—17 
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DRY-PIPES. 

There will be in each main boiler, as high as possible and 
properly supported, a 9J-ineh tinned-copper dry-pipe, No. 14 
B. W.(Ti.,extendin2: nearly the length of the boiler, perforated 
on its upper side with longitudinal slits, as shown. The aux- 
iliary boilers will have 5-inch dry-pipes, similar to main-boiler 
dry-pipes. The valve end of the pipes will be expanded so as 
to fit the spigots of the stop-valve nozzles, and will be secured 
to them by four pins. The pipe will be closed at the inner end 
and have a i-inch drain-hole in its under side near each end. 

Art 

FEED CHECK-VALVES. 

The main and auxiliary check-valves will each be 2f inches 
in diameter. They will be fixed on the shell at front ends of 
the boilers, but entirely separate from each other, and will be 
fitted with internal pipes, the main feed-pipes leading above 
the tubes and pointing downward in the water-spaces between 
the nests of the tubes and between one of the wing-nests and 
shell, as shown. The auxiliary internal feed-pipe will lead 
downward to near the bottom of the boiler, as shown. 

The valve-cases will be so made that the bottom of the 
outlet-nozzle shall be at least J inch above the valve-seat. 
The valves will be assisted in closing by phosphor-bronze 
spiral springs. These valves will have polished brass bent 
bar-handles in lieu of hand-wheels. 

SAFETY-VALVES. 

Each main boiler will have two 4J-inch, and each auxiliary 
boiler two 2 J- inch, spring safety-valves, placed as near the front 
of boiler as possible; the two valves to be in one case. Each 
valve will have a projecting lij) and an adjustable ring for 
increasing the pressure on the valve when lifted ; or an equiv- 
alent device for attaining the same result. They will be 
adjustable for pressure up to the test pressure; the adjust- 
ing m(!chanism to have an index to show the pressure at 
which till* valve is set, and a lock to prevent tampering with 
the adjustment. The locks on all safety-valves will be alike. 
The springs will be square in cross-section, of first quality (^^M 
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RLOW-PIPB8. 

A 3-iiieli \h\k: will (Winecl with all bottom blow-volves in 
oiu-h cum part mc lit iUid with a sea-valve in the same compart- 
ment. This pii>e will have a nozzle for the (■omiection of a 
pijw for pumping out tlie Iwilers. There will be a straight- 
way-valve in the l)]ow-|»i[)e as near the sea-valve as possible. 
All joints will !« tlange-Jointj-. 

BOII.RR I-rMPIMG-OUT PIPES. 

A 3-ineh pi}>e will connect the Iwltom blow-pipe in eaeli 
ooiu[)artiiu>ril with the tmxiliary fced-pnmp, or the small fee<l- 
piimp in tht; forward fire-room on its side of the fore-and-aft 
bnlkliead, with a screw stop-valve above the floor near the 
pump. 

STKAM-GAUGEH. 

There will !«; two .spring steam-gauges, equal to " Lane's 



improve! IV on each boiler, with 8.J-inch dials, one graduated 
to 1S5 and the other to 255 p<jnnds. Each gauge will have 
an independent (^luiection with its l>oilerand l)e fitted with a 
three-way (■•x'k and a coupling for attachment of a test-gauge. 

ItOlt.KU WATEH-OAUQtM. 

Kach boiler will have two glit.-s water-gauges of appnived 
automatic-closing pattern. Each gauge will be placed at the 
.lide of the boiler and will have 1^-inoh pi|)es ieading to top 
and to near botlon) of boiler, with a valve in each chise to 
iMiiler. The shut-off and blow-out coekw are each to have at 
leaKt I inch clear o{ieLnng, and will l)e jmcked cocks, with 
levers and ro<k for working from fire-room. The glasses will 
l>e aiNini 16 inches in exjHised len^h, with the lowest ex[M)sed 
]Kirt about one inch al)ovc tlie highest heating surface. The 
glasses will Ik; well protecU-*!. A brass index-plate, with letters 
ami arr)wsoa8t in relief, will l>e fixed close to each gauge-glass 
lo show the height of the top of combustion-chamber. The 
blow-out eoc-ks will liave drain-pipes leading to bilge, with 
union joints. 



GAUQE-COCKS. 
There will l)e four Jisbe«tos-packcd gauge-cocks of appro ve»l 
pattern on each Imiliir, wttli ntds aii«i levers for working from 
fire-room. Eiich c<K:k will have an independent attachment 
to the Iwilcr. They will be Hp:iced abont 6 inches vertically, 
the lowest one being alxnit 4 inches below the highest heating 
surface. Each set of cocks will have a drip-[>ai) and a drain- 
pipe leatling to bilge. 

8Al,INOMETER-P0TS. 

There will be a salinometer-jKit of approved |>attern con- 
nected to each boiler. They will be placed in groii|is in the 
fire-rooms where directetl. 

BOILKK nBAIS-COCK». 

Each lioiler will have a 1-inch drain-cock of approved 
pattern. 

BOILGK AIK-COCKS. 

Elach main boiler will have a J-inch air-cock at its highest 
part, with a |-in(;h i>opper pipe leading to l>ilg«. 

CIRCULATING APPARATDS. 

There will Iw fitted to each Uiiler an approved device for 
ciri'ulaliDir the water in the Ixiiler while raising steam. Each 
of lhe«; will be fitted where directed and have a stop-valve 
dose to boiler. They will take steam from the auxiliary 
Hieam-pipc, with stop-valve in fire-room. 

ZINC B0ILF:R-I'H()TECT0R6. 
Each l)H)iler will hiive rolled-zinc plates 12 x 6 x J inch, 
pla(e<l as may be dirccled. Each plate will be hotted bi a 
wnmght-iron strap, which will be clamped to the stays. Each 
strap will l>e riled bright where in contact with zinc and stay, 
each stJiy l>eing also filetl bright at contact [toiut. After being 
lM)!led ill |ilac-e the outside of the joints will be made water- 
tight bv (taint or approved cement. 
aWBl— 1« 



MAIN FEED-PUMPS. 

They will be vortiail |iiinipM, and midi will liavo a caiiadty 
to »<ii|)|)ly all tiie main boilers when slcaming at full jxiwer. 
The water-valves will l>c nietalJio, of appntvwl kinti. The 
|iiitii{}s will Ih! so ariiinfjeil that the packing of the water- 
pistons can be gtit at from the loi» of cj'IiiKtera. The steam- 
cylinders must be of anilifiient size to work the pumps at the 
required B]>eed to feed the Ixiilcrs under forced drah. The 
exFiaust-cushion must Ik' adjustable. All working parts will 
l)e of wrought-irnn or steel. 

Each maui feed-pump will draw water from the feed-tanks 
only and deliver into main feed-pi(>o only. If the steam-valve 
is moved by a xupplemental piston, the valve must have a posi- 
tive motion near the end of the main-pislon stroke to prevent 
piston striking cylinder- head. If a SEipplemental pistoD is 
used, its motion must be horizontal. 



AUXILIARY FEED-PUMPS. 

There will be in each engine-room a vertical pump of the 
same kind and same water pajwcity as one of the main fet^d- 

finnips. It will l)e connected to draw from the sea, feed-tank, 
lilgf-, or lH>ilers at will, and to deliver either into auxiliary 
Jec<l-pi|>o, fire-main, or ovcrl>oard through a Kingston valve. 
These punips will have their steam-eylinders sulapteil for use 
as firc-pnnips with stesim of 60 (Htunds pre.«Hnre. 

In iiirh firi'-nwmi there will lie a hose connection on fire- 
main, furnished with a screw stop-valve. 



FEED-PUMP I'RFJKURFWiAUGES. 

Each main and auxiliary feed-pump will have a spring 
]ires.siire-gaujre roistering from zero to at least 30<) potuids 
[wr Mpiarc inch. 



ASH-H018TS. 

One ventilator in each fire-roiim will have vertical giiide- 
}itri{)K uf iron on llie inside, and be Rtted with all the necessary 
gear for hoiuiing ahhcs. 

An ash -hoisting engine of approveil design will be fitted in 
ouch fire-room hatch or such place as may l>e directed, of snf- 
fioient iM>wer tn hoist 300 pounds from the fire-room floor to 
the deck in five setMnds with steam of GO pounds pressure. 

It will have a reversing-gear, to be worked from the fire- 
room and from dock, witli approveii adjustable safety-gear to 
Krevenl overwinding and to Htop the engine when the ash- 
ucket readies the fire-room floor. It will also be fitted with 
au approved brake to control tho drum. The arth-lioist will 
l>e fitted with the necessary sheaves, whip, and all appliances 
necessary fur handling ash-ltuckets. 

FIRE-ROOM BLOWERS. 

There will be one blower of approved pattern in each fire- 
room. 

Those blowers must be capable of supplying to the firee con- 
tinuously, with ease, sufficient air to maintain the maximum 
rate of combustion. They will take air from the fire-room in 
such manner as to thoroughly ventilate it, and deliver into the 
air-ducts. 

The spindle-bearings must i)e accessible while the blowers 
are in motion, and will be of auti-friction metal in coni))osition 
boxa«, and, together with their lubricating apjiaratus, must be 
tlioniufihly prutectetl from dust. 

BI/tWER-BNGINES. 

Each blower will be ilriven direct by an inclosed multi- 
cylinder engine of an approved design, and of sufficient |H>wer 
to nni the blower at full speed with steam of 100 pounds boiler 
pressure. The engine-valves must be of the slide or piston 

*^1*^- 

All working parts must l>e closed in, but easily accessible 
for overhauling. The lubrication must be automatic and 
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thorough. The throttle-valve in the steam-pipe of each blow- 
ing-engine will l>e urrange<I to be worked from the fire-room 
floor, with Huitflble index to show how much it may be o|>en. 
The stoatn-pi|>e for each blower will connect with auxiliary 
steam -pipe. 

The KJiafts of blower-engines will be so fitted that a portable 
revolutinn-indirator can be quickly and easily applied without 
removing any jmrt of the mechanism. 

AIH-PRE.S8URB IIAUUBB. 

\n uj)proveti giiuge, etjual to those made by the E. P. 
GleasoM Manufacturing Company, will be fitted in each fire- 
room to show the pressure in each main air-duct. 

A )x>rtablc ginige will also l>e supplied Ui each fire-room, 
with conveniences for cttnnecting it to the furnaces, uptakes, 
and wherever desired to measure the air pressure. 

All these gauges will indicate pressures in " inches of water". 

FIRE-TOOL RACKS. 

liiicks will l>e fitted in raeh fire-room in convenient places 
for holding all necessary fire-tools. 

A-SH-DUMI-S. 

From each asli-hoist, on the upper <leck, permanent over- 
hi-ad niil«, suitably »up])ort«l, will lead to the nearest asli- 
i-huU-s on t-.i(b si<lc of the ship. Each of these will be fittw! 
with a traveler of approved design, with all necessary appli- 
ances for carrying the ash-Imckets. At the top of each ash- 
cliule a dnmping-liop|>er <jf approved design will lie fitte<i, so 
arrangiil as lo fold up out of the way wheTi not in use. The 
aih-buckets arc to lie balanced dum[>-buckets, with all neces- 
sary gear complete. All the ash-hoisting and dumping-gear 
will be such that the buckets will not have to be liftetl by 
hand. 



ASH-SPIUNKI-ERS. 

A valve for wetting down aalies will lie fitted in each fire- 
room where direiled, ami will l>e fittcnl with all iiecessary hose, 
coU{)liiig!«, and nozzles. 

STEAM TUBB-CLEANERB. 

A stuam tnbe-cleaner, of approved dc-sign, will lie fitted in 
eaoli fire-nmni. 8teiint will l)e taken from the auxiliary 
steam -))!pe. Sufficient length of steara-liose will be provided 
to easily re-acli all the tiiln.*. 

WORKariOl- MACHINEBY. 

Tlioro will be fitted in the engineer's workshop the follow- 
ing: 

A double - geared engine-lathe of the l>est make and of 
approved pattern. It will be of at least 12 inehi's swing nm] 
34 inchis Itctwcen centers. It will Ik! (itt«d wilh gears for 
cutting threads from 4 to 40 to the inch, and with foiir-gnule 
cone- pulleys. 

An approval Khaping-macliiiie, to work by hand or giower, 
of at least 10 inches stroke and 8 inohcs traverse, witli vertiesil 
adjustment of table, with threa-grade cone-pulleys, and with 
chuck. It will have all the nsnal adjustments of first-class 
niaoliines of its si/e. 

An approved d<uiblc-geared hand and power drilling-ma- 
chine, xvilh three-grade <»ne-pulley3,capablc of drilling li-inch 
holes, with adjusitable swing! ng-tahle aii<! of at least 18 inches 
swing. 

The tools above sjiecified will be fitte<i where directed in the 
engineer's workshop. Each machine will be driven from a 
countcr-sliaft with cone-pnlleys to suit the machine. 

All engine of approved i>attcrn will be provided for driving 
the workshop machinery. 
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DISTILLING APPARATUS. 

The distilling apparatus, placed where directed, will consist 
of two evaporat4>rs and two distillers, with their accessories, 
having a combined rajMcity of 5,000 gallons of ))olal)Ie water 
per 24 hours at a t«ni))eratMr(' of not more than 90° F. when 
the cooling water is taken in at a temperature of 60" F. 

The evaporators will be made with sheila of plate-steel with 
welded seams. The heads and flanges will be of cast-iron 
and the coils of copper, tinne<l inside and out. They will be 
felted and la^ed, and will each be fittetl with a safety-valve, 
steam^auge, glass water-gauge, gauge-cocks, salinometer-pot, 
and blow-valve. They will take steam from the auxiliary 
steam-pipe, and will be fitted with automatic trajts and witn 
dniin-pipcs leading to the feed-tanks. The shells of the evap- 
orators will be tested to 60 |)ounds to the square inch, and the 
coils and all [larts sul)Je<-t to the boiler pressure to 2:10 pounds 
per square inch. 

The distillers will be made with shellsof sheet-braes, flanges 
and heads of composition, and coils of cop}>er or brass, thor- 
oughly tinned on both sides. The coils of each distiller will 
be divided into at least three parts, each with a separate inlet 
and out let- valve. 

A niter of approved design will l)e fitted to each distiller. 

There will be efficient means for aerating the steam used in 
making distilled water. 

There will be a steam-pump of approved [Mttern, and of a 
capacity of about (5 gallons per minute at ordinary speed, 
fiited to draw water from the filters and deliver it into the 
fresh-water tanks. The cylinders of the pump will be of 
"liglil service " pro|>ortion8, for using steam of 60 pounds pres- 
sure. The water end of the pump will contain no copper or 
lead. A |»ipe will lead from the atmosphere, above the ship's 
awnings, to the suction of the pump, with a r^ulating- 
valve, so that air can l>e forced into the tanks with the water. 
In the water-suction of the pump will be fitted an approved 
water-meter, made without co()per or leatl. The diwK'OT'^si- 



A cylimlrioal eomx;!' tank, of about >50 gullons capacity, will 
l>e fittwl in each of tlie firemcii'i; wasli-roomt), and connecteid with 
the ptimp above i«pecitie<l. The tank will be supplied with a 
vent-pi|>e with a float-valve, wltich will close the vent when the 
tank is full. There will be a service-pipe from the tank, with 
a braneh tu each wash-basin, and one for filling buckets. 
Eaeli of these branches will have a self-closing lever-faucet. 
In the ser vice- pi ]>c, close to the tank, will he a locked cock. 

MAIN 8TEAM-PIPES. 

A. 9^-iiich pipe win lead from each main stop-valve. The 
pi[)e leading from the junction of each auxiliary and the 
corresponding forward main boiler will be 9J inchesdiameter; 
from the junctioii of this pi|)e with the pipe of the after main 
boiler, the pipe will be 12J inches diameter. A communica- 
ting pi]>e, 12i inches diameter, in the after fire-rooms, will 
join the starlxranl and port main steam-pipes. 

Stop-valves will be plaee<i as shown in drawing, straight- 
way valves being iise<i where shown. 

It must ln' possible to work the stop-valves in main steam- 
pipes next to the engines from the engine-rooms. 

AUXir.lAHV 8TEAM-PIPE8. 
There will l)e an auxiliary steam-pipe extending on each 
side of the fore-and-aft bulkhead, through engine and Iwiler 
coin[HirtmentR, and to the windlass, steering, dynamo, and ven- 
tiiuting-fan engincp, and to the engineer's workshop. It will 
ccmnect with the auxiliary stop-valve of its auxiliary boiler, 
and with the main stcani-pi[)C, as kIiowh. Stoi)-valveswill be 
placed as siiown. Branches will extend to all auxiliary ma- 
chinery herein s|)ecified." The pipe will be of sufficient size to 
supply all auxiliary machiner>-, including dynamos and venti- 
latini;-fans, when takingsteam from abaft the seimrators. The 
auxiliary steiuu-|ii}>e will be nrran|^, where possible, so that 
steum iMudensing in it may drain Itaek to the se]>arat^>r. Where 
it is not |H>ssiblc to so arrange it, or wherever pockets neees- 
.sarilyncour, the pijie will bedraine<i and trapped. AH branoKca 
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frnm the pipe to pumps or engines on a lower level will have 
the HU)|>-valvc for such niueiiinery close to the main \»i)e, witli 
a spindle fur working it from lielow, so that when the pump 
orcngineisstiUKling idle there will he no op|>orlunity for water 
to (loilect in the vortiiral pi]»e leading to it, which must be hlown 
out before starting. 

AUXII,IAU\ EXIIAUST-PIl'BS. 

An auxiliary exhaust-pipe, of sufficient size for all auxiliary 
machinery herein siieoifiedand for such other steani-machiiiery 
as miiy be fitted in the vessel, will lie fitted and connected to 
all auxiliary machinery herein 8|>ccified, It will have nozzle:^ 
for all other auxilia ry machinery. It will have valves to 
„---^dtfect the exhaust-steam into either conilenseil into either 
low-pre«ure cylinder, or into the atmosphere througli the 
eacape-pi|x; at will. At eacli connection with con<lensers 
and escii{)e-pi|>c the auxiliary exhaust-pi|)c will be fitted with 
two stop-valvos s,o as to jniniinize the chance of an air-leak. 

The conneotiou with the escape-pipe will l)e made l)ehiw the 
protective-deck. All exhaust -pi |)cs fmm engines above the 
protective-deck leading to the cofTdenscr will l>e fitlal with 
valves lielow the protect ive-<Ii'ck. 

IlI.KKOBli PIPES. 

A 6-iuch braueh from the main steam-pi|>e in each engine- 
room will leail to the condenser, with a stop-valve operate<i 
from the work inji- pi at form. 

I.NTEHMEUIATE AND LOW-PtttSKURB STEAM-PIPES. 

A 0-inch branch from the main steam-pi|>e will lead to each 
intermediate, and a similar pi[>i> to each low-pressnn^ valvc- 
che^t, each with a Hto|)-valve. 

SEPAnATOtlS. 

There will Iw in each main steam-pipe in the engine-room 
a centrifugal sejKirator. They wjll be made entirely of east- 
steel and sheet-«teel, each filled with a well -protected glass 
gauge and an approved automatic steam-tnip, with drains 
ilelivering into lee<]-tank or overboard at will. 
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MAIN PEEH-PUMP EXHAUST. 

Till! t!xliaust-])i|>cs tVmii the m.iin fced-piim[», in udiltttou 
to tho i^oiiiiectioii with tlie oxIiuiLtt-niiiiti, will be su arrange 
that the exhaust-Ntcam can I>c tumit) into the tWl-piimp suc- 
tion inKteail of into.the auxiliary cxhaiist-|iiiK — uhamlwrs with 
siiitaltic nozzles for this ]mr|>oKe l>eing fitted in the suctioD- 
pi|xw. 

BSCAI'E-PIPES. 

There will be an 11-inch i^>p|>er es«iiie-pij»e altnfl each 
sinoke-p![)«, extending to top, tinished and sccnrcd in an ap- 
proved manner. Each pi|)e will have bninehos lending to all 
the safcty-valven in its l>oiter eoni])artniGnls. Each of the 
cNcapc-[)ipes will be fitted with an approved ninlfler. 

The auxiliary exhaust-pipe will also lead into the after 
e8«ipe-pipe. 

MAIN FEED-PIPES. 

A seamles.i-<Irawn brass piix", of the full size of the puni|)- 
diwhargc, wiit lead from each main f'eed-pnmp and discharge 
only into the main feed-pi[>e, having branches lending to the 
l>oilers. Kiieh of these branches will have a stmight way-valve, 
with hiind-wh(%] in a convenient |)osition for regulating the 
feed. Alt )Kirts of the pijies will l)e al)ovi' the floors, in plain 
view, and all joints made by flanges screwed on the pipes and 
Iwltol together. 

AUXII-IARV FEED-PIPES. 

i^imilar pijioswill leiul from the auxiliary feed-pump to the . 
auxiliary ft'ed-pi |>e, hiiviug branchi^ to each of the Ixiilers. 
TlK>se bi'anches will Ife fitted the .same as those on the main 
feed-pipe. 

FIKE-MAIN. 

A pipe will ext^'ud fiirc and afl on the berth-deck, with an 
approved fin-plu;; of Navy standai-d size where directed in 
each compartment. This \»\>e will be c:onnecte<i with the dis- 
charges of the two engine-roiim fire-pumps, the two engine- 
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room auxiliary pumps, and the two auxiliary feed-pumps. 
Two brandies from this main will lead up to the upjwr 
(hrk !in<l be fitted with fire-plugs. A branch from the 
main will lead to eafli magazine passing-room, one to the 
«>nijKirtment aliaft the engine-rooms, and one to each compart- 
ment forwani. Each of these hrsmches will be fitted with a 
fire-plug, and wiIil)esoconnecte<l that all of thcfire-pnmi»can 
work on it. There will l>e a fire-plug in an approveii jKraition 
in each engine-nmm and each fire-room. Drain-pi]>e9 will be 
fittwl to drain all parts of the fire-main and branches. A 
reverse coupling will tie snpplied, with adapters to suit the 
various sizes and threads of Kre-hnse commonly in use, for the 
purpose of filling the lioilers with fresh water from hose, on 
Hhorc, or on boats alongside. 

There will be a H-incb pipe leading from the auxiliary 
ateam-|)i|)G to each coal-bunker and hold, tn lie used for extin- 
guishing fire. Tins j)i|M; will have a valve in it close to 
auxiliary .sleani-p!))e anil another at each coal-bunker or hold 
bulkhead. 

PII'EH TIIROUOII WATER-TIGHT BULKHEADS AND DECKS. 

They will be ntade wat«'r-tight by stuffiug-boxe;, flanges, or 
other ai)pn>ve<l means. 

Pi|)cs must not \te led in such manner that the angles or 
toes of bulkheads have to 1* cut. Holes through wooden 
de<tks, where pipes juiss through, will have brass or cop|»er 
thimbles, made water-tight, extending at least three inches 
above decks. 

I'IPES THItODGII (!OAI,-llUNKERS. 

They will Ik' pn)tected by iron casings, made in sections, 
easily removable for reimirs, Pi]K» must not be led under 
o)>cnings of coal-ohntes. 

DRAIN-PIPES AND THAI'S. 

Alt places where condensed steam can accumulate will be 
provided with drdin-pi|)eB and coc-ks or valves of ample size, 
and with appn^'d automatt<: tnn>s, which will discharge inti 
feed-tanks or <^)n<leusens, or as directed. All trai>s will have 
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by-]Kiss pipes niid valvtw for wmvenienee of overhnuliug. 
TIh! glass watcr-fjaiigeH on all traiw iin(ier pressure will be of 
111) ai)i>rovi?<l aiitiiniatic-oloKing jjaltern. The lowest parts of 
all watcr-iiipes and all puiiiiwylintlers and <li a nil el- ways will 
liavc drain-cock.s with pipes where require*!. The handles of 
all dmin-<^M'ks will point downward when cloeed. 

THICKUtBS OF PIPES. 
The thickness of metal in the princi|>al pijtes will he as fol- 
h.ws, hy n. W. G.: 

Steam-piiKH above 12 incheij Iwre No, 3 

Stcani-pi|tes above 9 inches bore and less than 12 

inches Iwire No. 4 

S(eani-pi])es above 7i inches bore and less tliaii 9 

inchea bore No. 6 

Stenni-pi[)es above 5 inches l>ore and less than 7^ 

inches bore No. 6 

Steam-pipes al)ove 4 inches bore and less than 5 

inches bore No. 9 

Steam -pi !«» of and above 3 inches bore and less 

than 4 inches bore No. 11 

H. P. exhaust to I. P. cylinder No. 4 

t. P. exhaust to L. P. cylinders No, 6 

Ij, p. exhaust to condenser Nos. 7 and 9 

C'iivuhiting-punip suction and discharge-pi [»es No. 7 

Hilfre-injeclion pipes No. 11 

Air-pump dischai^ to fee<l'tanks No. 12 

Feal-pnmp suction-pi])es No. 13 

Feed-pi[>es No. 4 

Blow-pipes .-No. 9 

Auxiliary exhaust-pipes No, 13 

Es(«i»e-pii»ea No. 13 

Dry-pijies No. 14 

Connections to tire-main No. 10 

(ialviinized wrought-iron bilge-suction pipes No. 7 

All pi|)es of whicii tlie thickness is not given id the above 
list will be made of approved tliickncss. 



AUXILIARY ENOI.VE STOP-VALVES. 

Eiidi :iu\ilitiry eiij^ini; will li^ve sto|)-vaIviM in l>otli utc-uni 
urn) cxti;i(Lit-[)i |K>s as dim- to lylimlers as ]»(>ssiblc. Exhuiist 
Hto(i-valve.s will Ik; sI raifilitway wticre practicable. All |iiiin|)s, 
except d rental inL;-pii nips, will have screw clieck-valves in Ixtth 
8iioti<>ii and (1« livery- pi pes close to punip-eylinders, so arranged 
that tliey may Iw kepi off their seats when desired, 

MATKRIAI, AND FITriN<i OF PIPES. 

All pii>es, exeept tlie lower ends of bilffc-snction pi|»es, will 
l>e of fopiwr, unless otlierwis<^ s|ie<'ifie<l. 

The lower [Kirts of bil^e-siietion pipes will Ix! of galvanized- 
iruii. 

All foed and blow-piin-s, all bilge-suction i)ii>cs exct^pt the 
lower |)iirts,andall stMini-pipfs less than 3 inches in diameter, 
will be seandess-drawn. All eopjter pi|>e3 not 3eandess-<lniwii 
will Ix; brazed. All c<)pi>er pipe^ over ■'{ inches in dinnieter 
will hnvfi TOm[>osition flnngcs riveted on and bmzetl; all niider 
•\ inches will have flanges or apprave<l vomiwsition <»nplings 
br.ized on. All I'eod and bi(>w-pi]K-s will have (imposition 
flanges. All flan>:es willl>L-f*a<-i><land grooved, and joints made 
with appiiivtnl material. All comp'isition flanges Mow the 
floor-plates will l>e wmnecti-il by Ixilts and nuts of naval brass. 
All bends in I>razc-<1 copiier pi|)e» will l>eonegaug« thicker than 
straijiht [wirls. All copjKT pi})e T-pietX'S and fittings will be of 
composition, except where otiKTwiw; directed. Ex]>ansi<>n- 
joints of :ippnive<l p:itt*.Tn will lie fitteil where reqiiire<l. Sti(>- 
joiuts, if Iitt4.-d, will have stop-lmltfi and (lunges. All (xip|«'r 
|)i|K'S in'bilges will be well painted and («vered with water- 
proof canvas, and must not rest in (unt^ct with any of the iron 
or steel work of the vessel. 

PUMP-(,YLINUKRS. 

All pomp-cylinders, together with their valve-boxes and 
fittings, will l)C made nf eom])i>sitiun. Air-chambers will Ik? 
fitted on the delivery sides of pumps or in the pi[KS, as may 
be dircete<l. 

23481—21 
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The willer-tryliiKk'rs of ai\ vcrtk-jl piimjis will bo so arranged 
tlint tliL' iii»|>cr head can Ix' rcmnvotl witlimit disturbing the 
fnimirig, iniil the pistons will lie titleti for overhmiliiig fnim 
lliut end. All {)uni)>s will have cither paeketl pistons or 
puokecl flanges. 

PUMP RE[,IEF-VAI,VES. 

All foe<i and fire-pnm|ks will have adjustable spring relief- 
valves of approvwl design, connecting tiie delivery and suc- 
tion pa!ifl;igON. 

SKA-VAl.VES. 

There will l>e in the various o impart m en Ls sea-valves, as 
follows: 

In each engine-room a vaive of oufficient size to supply 
water to the fire, bilge, and drainage-pump, and to the auxili- 
ary pump and auxiliary feed-pump; also with a 3-inch nozzle 
for eouneetiou of the waler-serviee pipe. This will be a sorew 
st())>-valve, and ^vitl have an indepen<tent umneetion to tlie side 
of the ve>«el. Also in each engine-room a double valve-box 
with a twrew non-return valve for the fire and i>ilge-punip dis- 
eliai^e, and a non-return valve for trap discharge. This valve- 
1k)x may, if desired, be connected to the outboard nozzle of 
the main outlMMird -deli very valve. The main injection and 
I mtbtKird-de livery valves will be as elsewhere spetrified. 

In the b(Hler-eom]MirItiienls there will be the necessary King- 
stnn-valvcs for bult^tm-blows and for pump-discharges. 

Ttiei-e will also be a s<^n-suctiou valve fur the distiller cir- 
culating- pump, pla<«<l where directed. 

m IXJE-STRAI MERS. 

Each pipe leading from the bilges or from the drainage 
system of the vessel to tiic pnm|)s, exce|»t lu the eirculating- 
pciin[)s, will Ih- titled with a Mueomb, or equivalent, .strainer, 
alxivo the fioors. 



ATTACHMENT OF VALVES TO HULL. 

StenI alrengtiipiii.iig-rings will lie 'rivftcd to plating of iiiill 
uniiiiKl tli«' "[wuiiigH for nil wia-valvw, Tliu valve-flanges 
will Ixj IwllDtl to tlKSO rings Ity naval-hrsiss stiid.s, care being 
taken nut to drill the holes entii^ly through the riiigH. A ztnc 
pnitet-ting-riug will be fitteil in oueh o|>eniug in outer skin !n 
such a manner as to l)e easily renewc<l. 

All suction-valves will have strainers over their openings 
on the outside of the vessel. These strainers will have f-inch 
holes with a colleetive area equal to twice the area of the valve 
openings. Strainers must l>c fasten»l to valve-casings and not 
to the plates of the hull. All valves below the turn of the 
bilge will have pipes secnret) to the outer skin of hull and 
passing through stufHng-lio.xes in the inner skin. 
COCKS AND VALVES. 

All (Mcks an<l valves aud their fittings, except as otherwise 
s|>e<Mfieil, will lie of m imposition. All hand-wheels will \>q of 
finishefl brass, exeepta? otherwise si)ecified, and will beat least 
one and i>iie-haif times as great in diameter as their valves. 
All coeks eonimunieating with vacuum siiacc* will have bottoms 
of shell east in and havepa<:ked plugs. All eiKtks over 1 inch 
in diameter will have packed plugs. 

Valves of approved pattern will Ixs supplied wherever 
neeessari- to complete the various pipe systems, whether herein 
S|>ecified or nol. All valves will lie so fitted as to 1k! easily 
ground in, and be fittwl, where rcquirtd, with grinding-in 
guides and hamlles. No <-onical -faced valve will have a bear- 
ing on its seat of mofe than t\ inch in width. All valve-spin- 
dles nuist turn right-handed to close, and have outside threads 
where practicid)le. CVx^ks and valves may have, where ap- 
proved, ill lieu of wheels or permaiKht handles, removable box 
or socket-wrenches, marki^l and stowed in convenient racks. 
All cocks and valves nnilerneath the floor-|)Iales will have 
their wheels or hantlh'S above the floor-plates, in easily acces- 
sible positions, iinlcs.-^ otherwise directed. The sizes lA' valves 
as given in these s)>ecifi(ations refer to ihe diainelers of the 
equivalent clear oj>enings. 



I.ABEIS ON GEAR AND INSTRUMENTS. 

All wx;ks will have cugraved brass pliites to show iheir 
uses anil to iiiiliuito whether o|)eii or shut. All valves except 
such iis iiiay Ik; otherwise directed will have similarly engr.iveit' 
plates to show their uses, iir have the same plainly engraved 
nil ha I id- wheels. 

AH hand-levers or their quadrants will l)e similarly marked. 
Gear for working valves from deck will be marked as else- 
where siMH'ified. 

All .Hteaiii stop-valves will have indices to show to what 
extent they are o]>eued. 

All piiigcs, thermometers, counters, telegraph-tlials, speak- 
iii^-tulw uiinniictators, and revolnlioii-indieatore will l>e suit- 
ably engraved to show to what they are coniieetcd. 

All engraving will l>e deep and to be filled in with black 
cement. 

CLOTHING ANI> LAGGING. 

The main cylinders and vaive-chesis, after being finally 
secured in place in the vessel and tested, will be covered with 
approved incoiiibiHtible non-condnctinE material and neatly 
I^EE^'d with black walnut all over, with polished brass bands 
an<l roniid-hcadnl brass screws. The lagging will be made 
ill removable .lections over each cylinder, valve-chest, and 
man-hokr cover, the sections to he of snch size as to be ea-'ily 
handled, and all [Kirts plainly marked. The lagging elsewhere 
will bo so secured as to l(o easily removed, replaced, and 
repaired. 

All parts of the oimdensers except the water-chests at ends 
will lie clothe<l with approve<l material, pnt on in sections so 
as to he easily removed and replaced. 

All steam and exhaust-pipes, the separators, and all steam- 
valves will l)e clothed in an approvM manner with a satis- 
factory non-condiicfing material, covered with canvas, well 
painled, The main steam and exhaust-pipes in engine-room 
and the main sejKirators will l)e also covered wvtK ViWit- 



walnut lading with brass tmn<ls. The canvas covering of 
steam-pipes will l>e seciii-ed Ut l)ulkhea<ls where the pipes pass 
through them. 

The steani-cyhihlers of all auxiliary ciigints will be cloth- 
ed and lagged tlie ^^ame iir main cylinders. 

After the boilers are in place and have been tested and 
painted they will be covered all over, except where directed, 
as low as the sa<ldles, with approjred incombustible non-con- 
ducting itiaterial at \aisit i} inches thick. This clothing will 
be covered on tops, sifles, nud back heads aud on froiitSj where 
required, by galvanized wrought-iron plates about No. 18 
B. W. G., lapped not less than I incJi and bolted t^igether; 
also secured to boiler-plales at Iwttom by angle-irou, which 
will be held in |)!ace by J-incli Iwlts tapped part v/&y into 
the boiler-plates, and held off from tiie lK>iler-p[ates elsewhere 
by suitable distani*-picccs. 

RADIATORS. 

Radiators of approved pattern will W furnished, fitted, and 
connecteil, with aresis as follows: 

In the ward-room lavatory and Imth-room, one of 5 square 
feet; 

In the [Kissage abalt the wai-d-rooni, one of 8 square feet; 

In the after ward-room, 15 square feel ; 

In the forwanl ward-room, 15 square feet; 

In the steerage country, 20 square feet ; 

In the engineer's log-room, one of 5 square feet ; 

In the s|mce between ihe forward and after j>assages ou 
berth-«leck, one of 20 sfjuarc feet; 

In the dis{)ensary, one of 5 square feet ; 

In the [layniasler's office, one of 6 square feet; 

In the forward eonqxtrtment of berth-deck, one of 20 stpiare 
feet; 

In the second eonqrartmeut of berth-deck, two of 20 square 
feet each; 

In the third (»mi)artnieut of berlh-deck, three of 15 square 
feet each ; 



In the fourth com part mei it of Iterth-deck, tlirec of 20 
fuiuare feet each ; 

In the after cahiri, ime of 16 square feet; 

In the forward cabin, two of 15 square feet each; 

In the captain's pantry, one of ."! sqnani feet; 

In the captain's office, one of 5 square feet ; 

In each Htutc-rooni on main-(le<rk, one of 4 square feet. 

In the navigator's office, one of 4 square feet ; 

In the captain's state-rootn, one of 6 square feet ; 

In the captain's balli-room, one of 4 square feet ; 

In the executive officer's office, oue of 4 square feet; 

In tlie engineer's am) ordnance workshop, one of 10 square 
feet; 

In the cabin passage-way, two of 1 5 square feet each ; 

In tlic firemen's afW wash-room, one of 8 square feet; 

In tlie firemen's forwani wash-room, one of 8 square feet; 

In the pilot-house, one of 10 square feet; 

In the steerage, 24 square feet; 

In the steerage pantry, one of 4 s<iuare feet; 

In the steerage lavatory and bath-room, one of 4 square 
feet; 

In the wanl-room pantiy, one of 4 square feet; 

In the wariiint officers mess-room and pantry, one of 4 
square feet. 

The radiators in the ward-rooms, steerage, and steerage 
country will consist of piites led along the bottom of the bulk- 
heads, M)vered with nietallie removable grating. 

Each radiator or roil of more than 10 square feet will l>e 
divided into two [larts. All radiators will be fitted with 
Jenkins' valves, or their equivalent, with guards and removable 
keys for valve-stems. The end of llie stems will be triangular 
in section. 

The steaui and drain-pi|H» will lie of seamless-drawn brass, 
of iron-pi|io size, suitably connefted by com|>osition fittings in 
n muinier that will permit them to be easily taken down for 
rcjHiirs. 
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All union-joints will be coned or havecomigated copper 
washers. 

All holes through decks and bnlklieads will \k thimhlol 
with brass. 

Steam and ilrain-pipes will be clothed where near wood- 
work, and elsewhere as required. 

Tlie steam-pipes will connect with the auxiliary steam-pipes 
where directed, and be fitted with adjustable reducing- valves. 

The drain-piiKt of each circuit will have an approvwl auto- 
mali<r steam-trap discOiarging into feed-tank, and elsewhere as 
directed. 

The glass gauge on trap will be automatic-closing in case of 
breakage. 

A steam-gauge with 'IJ-inch dial will be on each circuit. 

Indepen<lent steam-pipes will lead from engine and fire- 
rooms to the principal divisions of the officers' quarters and 
forward |)arts of the ship. 



All approved polished brasschimesteam-whisUe, with bell of 
al)otit Ji inches diameter, will be placed forward of the forward 
siuoke-pipe, well al>ove tJie level of the awnings, and connected 
to the auxiliary steam-pipe by a pipe having a stop-valve at its 
lower end and a working-valve at the upper emi. The pipe 
will have un ex [lansion -joint at lower euu. A driiin-pijie with 
valve will l»e TOnn(«ted at the lowest p<)iut. 



Tliere will lie a steaui-siren of approved |>atlcrn and size, 
placed where directtnl, and connectwl similarly to the whistle. 

1I08E AND IIOSE-REFLS. 

A suKieient length of hose will lie supplie<l for each engine- 
room and each fire-room, to lead to the farthest f»art of the 
adjoining conl-bunkerH Iwluw the p rot ectivc-< leek. The hose 
for engine-rooms will be of the l>est quality mblwr-liiip*! linen, 
and that for fire-rooms will l)e the Ixwt quality fbnr-ply nibl>er 



All ladders will Ite so fitted as to be easily removable where 
required, and will be jointeti and hinged, with necassapy fast- 
enings and gear, when.' tiicy have to be moved when chisiiig 
hatches. Light iron ladders will lie filled to and through one 
ventilator in each engine-room as means of egress when the 
battle-hatthes are dosed. 

Giear will be provided forqiiiukly opening the l)at tie-hatches 
over the fire-room ladders, this gear to Ix; worked from fire- 
room. 

IIAKD- HAILS. 

Hand-mils, easily reniovabk' wliere r«niired, will be fitted 
to all ladders and platforms, arouix I moving i>arLs of machinery, 
and along iinikheads and |>aa-iage-wiiys. The hand-mils an<l 
stanchions will lie made of deoxidized bronze, or of approved 
equivalent metal whidi will not easily tarnish ; and will be 
polishes! all over. The lower ends of stan«Jii{>n8 will |miss 
througi) fioor-plates with nuts underneath. 

OKAR P()R WIIBKINO VALVfM PUOM DECK. 

The safety-valves, boiler stop-valves, and engine-room stop- 
valves, as elsewhert' sjHHufii'd, will have suitable gear for work- 
ing them from tlie main deck. 

The rods of tlie gear will Ite guided and supported on deck 
by east comjtositiun standanis, left rough and ])ainteil. Each 
rod will have a hand-wheel at least 3 feet above the deck. 
The main slo[)-valve hand-wheels will lie 16 inches in diam- 
eter, each to be fittt^^I with an approved kx'k and key ; all locks 
and keys to In: alike. The auxiliary stop-valves will tx- sim- 
ilarly fi'tled with r2-iiieh hand-wliecls. The wheels will beof 
brass, |M)lishe<l, and will have their rims uinuecte<I with the 
hul)s by plain discs without holes in them. Or in lieu of hand- 
wheels, if directed, polished brass bar-handles will be Ultetl 
to s<|Uares on ihe turning-rods, and will l>e stowed in iieckets 
on bulkheads. The tops of rods will l)e protected by hniss 
.ea|iB. All hand-whe4'ls will l>e engraved with name; or <^st- 
brass lal>el-plates with ]H>lishetl raisc<l letters will Ik' lixc<l to 
adjoining bulkheads. 



LIFTIXG-GBAIt. 

Efficient lifting-giar, consisting of traveler-bare and pulltys, 
dec-k-buam dani|)s, turn-buckles, shackles, hooks, eye-bolts, 
an<l as may Iw direoted, will be fitte<l wherever require<l for 
liftiii(I i»arts of the machinery for overhauling and re|»airinp. 

Holes will l>e ta|i|>ed iu all the principal movable parts of 
niacbiiiery for this pur[>ose. 

OIL-TANKS. 

Oil-tanks, of 1,000 tpUons total capacity, divided as directed, 
will l)e fitted whurc directed, with facilities for filling from 
detik. Thoy will !« made of wronght-iron not less than J 
inch thick, and will each have a glass gange, a man-hole and 
cover near the top, and a hxJjed-cock for drawing oil. In each 
engine-room there will be fitted two copjKjr oil-tanks of 20 gal- 
lons each and two of 8 gallons each, and iu each l>oiier com- 
]»artment one of 5 gallons, all with lock-cocks. All oil-tanks 
will be fitted with drip-pans. 

Each of the lai^r oil-tanks will have a hand-pump and 
pipes for filling the smaller tanks. 

Two iron tallow-tanks, with hinged covers, will Iw fitted 
where directecl. 

VENTILATORS, 

Ventilators, with cowls well above the awnings, will l>e 
fitted one to each Hre-room, 24 inches internal diameter. 

The veutilat<)rs will be of wrouglit-iron. No. 11 B. W. G., 
butted and 8ingle-strap|>ed and flush-riveted. The cowls will 
Ik movable, of No, 12 B, W.G. copper, not planished, and at 
least 48 inches in greatest diameter. The base-rings of cowls 
will be of com))ositiou, finished on working parts but left un- 
finishod on the outside. All cowls will be fitte<) with gear for 
Inrniiig thcni from engine and tirc-roonis, the gear to l>e of 
composition except the spindles, which will be of wronght- 
iron. Brass hand-wheels or T-handles will befitted to spindles 
in engine ami fire-rooms. 
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The fitllinving tonls tvlll be fiirnishcti in atttlitiori to those 
elsewhere KpecihL<d: 

One set iif wreiidios ciiinplotc for eiicli en^^inu and each fire- 
room, to l>e fitted tur all iint^i in their res|KKttive (nm|)artnionts, 
phiinly marked with sixes, and fitted in iron racks of approved 
jmttcrn. Tho wrenches fiir nnt-4 of Ixilti less than one inch in 
diameter will he finislie<l, and for all over two in<;hes tu ditim- 
eter will l>e Iwx-wrcni-hes, where nuoh can i»c nsed. ' Siwket- 
wreneJies will la: furnishetl where required. Oi>en-en<l wreiiehes 
will Ik; of wteel or wn>ught-in>ii, with (^ise-hanlened jaws, all 
others of wmuglit-iroii or east-steel ; 

One (jair of tajis, on rod, for each length of lube, for tapping 
front and Itack tube-slieet." of boilers at one operation. This 
will be a duplicate of that UKed in originally tapping the sheets, 
and be so paekHl as to l»e ]>erfectly protecle<l from injury; 

A fixed tmniinel forsetting the main valves without remov- 
ing the wn-ers, the valve-stems to be properly marke<l for this 
|.uqK>sc; 

Fixtd trammels or gauges for aligning crank-slinfts, brass 
pins being let into pillow-blocks and center- market I for this 
puriiosc ; 

Two coniplolc set:* of fire-tiK)ls fiir eswli fire-room ; 

Two coal and two ash-liuekets for each fire-room, 

AH trammels and gauges will have protecting cases, AH 
tools will l>e I'onveiiiently stowe<l. 

I>UI*IJ(ATK I'lEC'RS. 

The following duplicate piwies, in addition to others ajiec- 
ific<I, will be furnished, fit te<l and reiwly for use, viz: 

One s<!t i>f valves for eiich pnnip; 

One valve-scat, with guanls and liolts complete, for air- 
puni))s ; 

( )ne-h!ilf set of folio wer-bolli* and nuts for each sleam-piston, 
and one set for each air-pump piston; 

One-half set of springs for each steam-piaton ; 
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Twi) Luttoiii bi"j^*'s aud two to]) brasses for crank-shaft 
beaririffs; 

Two crown brasses and two butt brasses for crank-pins; 

One cap ami two butt-brasses for cross-head jounials; 

Bra''«es complete for two cross-heads; 

One section of crank-shaft of each leiiglli, to be fitted in place> 
and delivered at such naval station in the United States as may 
1)0 directed, to l>e loft in store; 

Tliree blacies for each propeller, fitted to propeller- bosses. 
These blade^i will be of such ])attern as may be directed after 
the trial of the vessel ; 

One wmplete set of brasses for each main engine valve-gear ; 

One complete set of brasses for each circulating-iinmp engine, 
each air-pump engine, each size feed-pump, eacli fire-pump, 
and each blowing-engine; 

Four spare cup-leathers for each one fitted in hydraulic 
gear; 

One piston-roil for each piston of each pump in fire-rooms; 

One feed-cheek valve complete; 

One t>ottom-bI(iw valve complete; 

One complete set of metallic packing for each stuffing-box ; 

A si)are hose and nozzle for each steam tube-cleaner; 

One-eighth of a complete set of grate-bars and bearers for 
all furnaces, and one |>attern for each casting; 

One dead-plate for each size of furnace and one pattern for 
same; 

One abh-pit damper, with gear complete, for each size of 
furnace ; 

One a.sh-pit door for each size of furnace; 

One hundred stay-lubes tiir boilers, tbreaided to fit threuds 
in tul>c-!-heels, wilh ends wrap|)ed in canvas, the nuniltcr of 
each length bearing the same ratio to 100 as that which all 
stay-lubes of that length l)ear to the whole number of etay- 
tuWs ; 

One hundred onlinary boiler-tubes, swelled at one end and 
annealed, ready for use, the number of each length bearing the 
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same ratio t*) iOO a** that which all ordinary tubes of that 
length bear to the wbohi number of uivliiiary tiil>e!i; 

Two hundred raindenscr-tubes, |>ackec] in boxes; 

Fitly condenser-lube glands ; 

One dpare spring for each safety-valve and relief-valve; 

One spare l)asket for each Macomb hilge-strainer ; 

One set of coils tor each eva|Kirator. 

Wherever duplicate pieees are furnislieil for one of two or 
more |>ieces of maehiuery of the same size, they will be mode 
strictly interchangeable. 

All finished duplk^te pieces not of brass, ex<«pt as other- 
wise s)>ecified, will be painted with three coats of white lead 
and oil and well lashed in tarred <-auvas, with the name ijuinted 
on <)utsi<le. Brass pieces will be marked or slampcu. All 
pieces will be sloweil in an approved manner. 

All boiler-tul)eswiIll>esecurelystowed in racks, orasdirected. 

HATERIAl^S AND WORKMANSHIP. 

All eastings must be sound and true to form, and before 
being |>ainteu must he well cleaned of sand and scale, and all 
tins and roughness removed. 

No imperfect casting or unsound forging will Ik; used if the 
defect affects the strength or to a marked degree its sightliness, 

.\ll autii ou rough tustings will tit faciugs raised al>ove the 
surtiice, except where otlierwise directed. All flanges of cast- 
ings will be faced, and those (K)upleil together will have their 
e<lges made fair with each other. The faces of all ctrLulur 
flanges will be grooved. 

All t>olt-holes in [)erniancntly RxmI parts will be reamed or 
drilled lair and true in ]ilacc, and the bodie.-i of bolls firiishe<l 
to fit them snugly. 

All pi|MW beiieiith floor-plates will be connectci by f<)rgcil 
Itolts aii<] nuts of naval brass. 

All brasses will fit loosely between collars of shafting 

All brasses or Journals will be properly channeled for the 
distribution of oil. 



Packing for stuffiug-boxes will be aiich as may be approved. 

All small piuK of working parts will be well casG-hardcned. 

All 8teel joint-pius of vulve-geur will be hanleDed and 
gn>iiD(l to tnie eyliudrical surfaces. 

All materials used in the construction of the machinery will 
l>e of the best quality. The iron castings will be made of the 
lM?st pig-iron, not scrap, except where (itlierwise directed. 

Comixeition castings will be made of new materials. The 
various compositions will be by weight as follows: 

For all journal-Ixixes and guide^bs, where not otiierwise 
spG(;ifieil — 

Copper 6, tin 1, and zinc { parts. 

Naval brass — 
Copper 62, tin 1, and zinc 37 per cent. 

For composition not otherwise specified — 
Copper 88, tin 10, and zinc 2 per cent. 

Muntz metal will be of the best commercial quality. 

Anti-friction metal will be of approved kind. 

Ornamental brass fittings will l»e of good, uniform color. 

All eastings will be increased in thickness around core-holes. 
Core-holes will l)e tap|>ed and core-plugs screwed in and 
Iocke<l, except where Iwlted covers are used, or where it may 
l)C directed that the holes be left oi»en. 

All steel foldings will l>e without welds and free from lam- 
inations. 

All flanges, collars, and oflF-sets will have well-rounded 
fillels. 

All l>oiler- plates, stays, and tubes will be well cleaned of 
mill-sciile by pickling or other approvwl means. 

All HnngtKl ttarts of Uiilers will be annealed, after flanging, 
in an approved manner. 

India-rubl»er valves will be of approved kind, of best 
commercial quality. 

All IkiIis for securing the boiler attachments will, where 
[Mtssilile, \x screwed thn>ugh the boiler-plates, with heads 
inside. 
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I'Xuiiiiiiiition liy tlie Ins|Kctor during the teste. All 
ill also Ih" tcsKxl after being swiirwl on boan). No 
or i-uvering is lo Iw on tlic cylinders or i-ontlenseis 

ibc ll'Sts. 



:i NitisliK-torv ti'st tlie lM)ilcrs will l>e |)aintccl on the 
witb twii (iKits of l)n>wti zim- iiiitl oil, niid when in place 
Is will be jiaiiitiil witb one coat of blnok paiDt. 
limine- work, not fiiiisbinJ, will 1)0 pritned with twocoatii 
II zinc :i[iil oil, und when ptncml in }>o!iition on bonnl 
cl will U' |iiiiiitcil witb two coats of jNiint of a]>prove<l 
The slutt'tinft, when in placu, will bo [Kiinteil with two 

rcil lc;iil iinil oil and two coats of black ])aint. 
inokc-i>i|H>s will l>c thoroughly painted before and after 

on IxKird. The vcniilntors and (y)wls will be piiUital 
I' lo the sinokc-pijics, except the interiors of the cowU, 
.'ill Ih' painUil vermilion. 

ipcs will be [lainted in accordance with a schedule t<> 
tftcr I'lirnishcil. 

i'llKr-IMIXAHY TESTS AXU TKIAIJJ. 

I will not l)c mist-Hl in the Ixiilcrs until alU-r the water- 
"lanl, iiiilcs.s desinil fur drying or te!?ting joints, for 
•iirposc the pressnre ninst not exceed 10 pounds per 

iesiin;r, steam will I* raisetl in the boilers whenever 
, to lesl the eonncctioiiri aii<l the workings of all (tarts 
and auxiliary engines. All cx)>cnsc of such prelim- 
-ts will be bonie by the contmetor. 

sri'KltrXTKNDrN(.{ engineer's ((FFICE. 

iiabli' office anil a suitable draft! ng-itwrn, progterly 
d and licatHl, will Ik' fnrniaheil by the contractor for 
if Ibe superintending naval engineer awiVvA*as.A-*&s*^- 



ltEC()RI> OF WEKiHTS. 

All Hiii.tlief) nincliitmry, Itoilers, and aiipurteiianceH thereto, 
as fitttxl, and all spare moctiinorv and tools he^in S|>ecified, 
will be weifjliwi by the fiintnictor in the presence of the super- 
intending naval eugiiiccr or one of Iiis assistants before being 
placed on 1>oard; anil no jiart of the material will be place<l 
on board without beiiifj; !~o weighed to the satisfaction of the 
superintending naval engineer. 

WORKING l>KAWINOb. 

All drawings ueeessary for the prosecution of the work 
must be prepared by and at the expense of the contraetor. 
Those which are developments of the drawings furnishetl and 
of these sjtccifiiutions will be subject to the approval of the 
superintending naval engineer before the material i.-^ ordered 
or the work conimence<l. 

In the drawings furnished, tigure<l dimensions, where given, 
will be followed, and not scale dimensions, unless otherwise 
directed. All discrepancies discovered in drawings, or between 
drawings and specifications, will be referred to the Bureau of 
St£am Engineering. 

A copy of each working drawing will be furnished to the 
superintending naval engineer before the work shown by the 
drawing is commenced. A i-oyiy of each drawing accora[>any- 
iug orders for steel castings or forgings will also lie supplied- 
when the work is ordered, 

DRAWINGS OF COMPLETED MACHINERY. 

The ctintractor will make and furnish to the Bureau of 
Steam Engineering, through the su|>erin tending naval engi- 
neer, a tromplete set of drawings of the boilers, machinery, 
and appurtenances as actually (umpleted, including plans of 
the same as fitted on bonni the vessel. These di-awings 
will include every piece of machinery, both in whole ami in 
[wrt, and will Ik; in such detail as would enable the entire 
machinery to be duplicated without additional (lt««\\\^. "^"^ 
23JS1— 25 
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sheet will contain ilrawiugs ol" more than one imrt of the nia- 
ehiiiupy, except those iiilimatelv roiipectCfi with each other. 
Tlie dciail dniwiiig i)f each jiiirt of machinery will be furnished 
within one mouth tifter the eonipletion of tlie |iart, witliout wait- 
ing for iis ineor))oration into the machine as a whole. Detail 
ilrawings will be made to a seai.e of not less than one and one- 
iiiilf inches to the foot. General plana of the machinery in 
place ill the vessel will ho made tan wale of one-quarter of an 
inch to the foot. Pijio plans will lie made to a scale of not less 
than three-eighthsufiin inch to the foot. The pipe jilans will be 
divided into at least two parts — one showing steam and exhaust- 
pi)>es and the other showing all other pipes. The pipe plans 
will l)e colored, in accordance with a schedule to be furnishe<l, 
to indicate the purpose which the pipes arc intended to serve, 



and at^comjtfinied hy an explanatory index. 

.Ml drawings will be made on the best qiiidity of tracing- 
oldth, all sheets I>elng,as far as possible, multiples or sub-mul- 



tiples of "double-elephant" size. 

Detail drawings will be hatched, where in section, in accord- 
ance with a schedule to be furnished, to show the various 
metals employed. 

CHANGES IN PLANS AND SPBCIPrCATrONS. 
The contractor will make no changes in the plans or speci- 
litsitions without the ap[iroval of the Navy Dejiartment. In 
case it is thought advisable to make changes, the contractor 
will make application hy letter to the Buresm of Steam En- 
gineering, through the su|>eriutending naval eiiKinecr, stating 
the nature of the change, accompanied by complete plans and 
sjiecilications of ihe pnjjKise*! change; together with a state- 
ment of his estimate of the amount of increase or decrease in 
cost. 

INSPECTION. 

The work of wmstruclion of the boilers, machinery, and 
appurteuancTS shall l>oat all timts open toinsjwction by officers 
apiKiinled for such purpose by the Navy DevMlvwecv*!-. ^;^^v^ 
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facility will be afforded siu^li iiisjiectiirs for the |>rosecution uf 
thoir work. All handling of material necessary for purposes 
of iiis|icriii)ii will Ik done iit ttie ex|>cnfle of the coiitract4>r. 
All li-st s[>i'cinicns necessary for the delcrmiiiation of the 
.strength of material used will be prcparccl and teste<l at the 
exi>enae of the (K)ntra(rt«r. The contractor will furniish the 
superintending navnl en^^ineer with a weekly list of the numlter 
of men of each clasis employtxl iifKin the work, together with 
a Rtatement of the number of hours labor in each clasN. 



Any part of the machinery, or any article pertaining thereto 
which may have been ina<lvertently omitted from these specifi- 
cations or from the oHiciul drawings, but which is net^ssary 
for the proi>er completion of the vessel, is to be supplied by 
the contractitr without extra chat^. 



